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PREFACE TO THE THIRD EDITION. 



Upwards of five years having elapsed since the revision of 
this Treatise^ much of the matter contained in the last edi- 
tion had already become obsolete, and many corrections and 
additions were found wanting, to keep pace with our extended 
experience of screw propulsion, and with the advance which 
has meanwhile been made in our acquaintance with steam 
ships in general. 

The Author will only' repeat what he says in the Preface to 
the First Edition, that he trusts the book may prove useful to 
the various classes of practical men employed and interested 
in our steam marine, whether in the Royal Navy or Merchant 
Service ; and with this end in view, he still endeavours to 
explain what he has to say in as practical and concise a 
manner as possible. 

In the Appendix, and generally throughout the book, will 
be found much new and useful information relative to the 
details and performances of our most successful steamers. 

The data from which these Tables are compiled have been 
aU suppUed, in the most liberal spirit, either by the manufac- 
turing engineers who made the machinery, or by the officers 
of the companies who own the vessels, to whom the Author 
returns his grateful acknowledgments. 

SoutJumptont Avgust 1, 1857. 



CONTENTS. 



CHAPTER I. 

GENERAL DESCRIPTION AND VARIETIES OF THE MARINE 

ENGINE. 

Page 

A previous acquaintance with the principles of the steam engine 

presupposed 1 

General description of the marine engine 1 

Its varieties of form 2 

The fly wheel inapplicable 2 

Conseqdent necessity for combining two engines on one shaft . 3 

Single engines are sometimes employed . . . ^ . . 3 

High-pressure engine rarely used 3 

The side-lever engine — its advantages 4 

Ditto, ditto — ^its disadvantages 4 

Adoption of the direct-acting engine 6 

Yarieries of the direct-acting engine 6 

Shortness of stroke a defect 14 

The steeple engine 14 

The double-cylinder engine 14 

The trunk engine . ^ 14 

The annular engine 15 

The atmospheric engine 16 

The oscillating engine 16 

Machinery for screw propulsion 17 

Geared engines 18 

Auxiliary engines working direct ; .19 

Screw machinery in the Royal Navy 19 

CHAPTER II. 

DETAILS OF THE MARINE STEAM ENGINE: THEIR 
PROPORTIONS AND USES. 

The steam pipes 20 

The throttle valve 21 



VI CONTENTS. 

Page 

The expansion yalve 21 

Stephenson's link-motion applied to g:ive expansion ... 23 

How to set the slide valves 23 

The lap of the valve 24 

The lead of the valve 25 

Reversing the engines ........ 25 

Expanding by means of the lap of the valve 26 

The blow.through and snifting valves 27 

Clothing the cylinder, &c 27 

Clearance of the piston 27 

Priming, or escape valves 27 

Packing for the piston 28 

The condenser 28 

The injection valve 28 

Temperature of the condenser 29 

Elasticity of watery vapour at different temperatures ... 29 

Velocity of flow of the injection water 30 

The barometer gauge 30 

Ditto, sources of error . . . * . . . . . 30 

An improved barometer for the condenser . . . . 31 

Evils arising from the use of sea water for condensation . . 32 

Surface condensation attempted and found ineffective . 32 

Hall's patent condensers 33 

The air pump 33 

The feed pumps 33 

The bilge pumps 34 

The hand pump connected vrith the large engines .... 34 

Feed pump driven by a supplementary enginie, or ** donkey" . 34 



CHAPTER III. 

THE MARINE BOILER: ITS GENERAL PROPORTIONS, AND 
THE PRINCIPLES CONCERNED IN ITS OPERATION. 

Peculiarities of the marine boiler 36 

The flue boiler 36 

The form of the flues 36 

The arrangement of the heating surface 36 

Horizontal heating surface the best 37 

Bottom heating surface inefficient 37 

Disadvantages of flue boilers 37 



CONTENTS. Tli 

Tnbular boilers 38 

Iron and brass tubes 38 

Sheet flue boilers (Lamb and Summers' patent) .... 38 

Furnaces 39 

Fire bars . . • 39 

Chanter's patent fife bap 41 

The direct impact of the flame to be ayoided .... 41 

The bridge 41 

The water spaces 42 

Requisite amount of heating surface 48 

Areas of flues and tubes 43 

A roomy furnace desirable 44 

Combustion is checked by the carbonic add . . . .• 44. 

Supply of air to the fires 44 

Loss of heat attending the combustion of the iniammable gases . 44 

Formation of carbonic oxide . . . ^ 45 

Smoke-burning apparatus 45 

Recapitulation , 46 

Clothing marine boilers is sometimes found to be prejudicial . 46 

Painting the interior of the boilers 47 

Bedding the boilers 47 

Galvanic action to be guarded against 47 

Copper boilers compared with iron ones 47 

Staying boilers .......... 48 



CHAPTER IV. 



THE MARINE BOILER*. MANAGEMENT OF THE FIRES 
AND DRAUGHT. 

The skilful management of the machinery necessary for its effideney 49 

Economy of steam is the main question 49 

The generation of heat in the furnaces . . . ■. . .49 
The management of the fires ....... 50 

The effects of mismanagement ....... 50 

Feeding the furnaces ... . . . . . 50 

Clearing the bars . . • . . . . . .51 

Keeping the fire doors shut 51 

LeveUing the fuel 51 

£aeh watch to leave their fires clean . ...... 52 



TIU CONTENTS. 

Page 

Forcing the fires is ezpensiye of fuel 52 

The cinders to be rebumt when practicable 52 

Superior economy of large boilers 53 

The boiler-power is subdivided into sections 53 

How to manage the boilers when full steam is not wanted . . 53 

Lord Dundonald's experiments on slow combpstion in marine 

boilers 54 

Experiments with a tubular marine boiler in Woolwich Dockyard 54 

Dimensions and description of the experimental boiler ... 55 

Dimensions of the boilers of the Jamts 55 

Regulation of the draught 56 

Prideaux's patent furnace fronts 56 

. Banking up the fires 57 

To get the steam up rapidly ........ 57 

No water to be thrown in the ash pits 58 

Table of experiments on slow combustion . . . , .59 



CHAPTER V. 

THE MARINE BOILER: MANAGEMENT OF THE WATER 
AND STEAM. 

Regular supply of water to the boilers ....... 60 

The water level must not rise too high 6q 

Water gauges .61 

The glass water gauge g^ 

The brass gauge cocks g2 

Only one feed pump to be worked ^2 

Amount of the brine abstracted ^^ 

Proportions of salt in sea water from different localities . . 53 

Analysis of deep sea water g, 

Blowing-off . g^ 

The brine pumps g^ 

The refrigerator . ^^ 

Attempts made to supersede blowing off ge 

Salinometers . ^^ 

The thermometer used as a salinometer • . . . e^c' 

The hydrometer ditto, ditto ' 68 

Seaward's salinometer ^ .69 

Cases in which the amount of blow-off may be diminished c^ 



GOMTSMTS. IX 

Ho^ to manage in caie the blow^ff eock leta nst .. .70 

The safety Talve 70 

How to manage in case the safety valye sticks fast • .71 

Steam gauges • • . • 72 

The vacuum, or rerene valve . • 72 

Stop valvea 73 



CHAPTER VI. 

ON EXPLOSION OF STEAM BOILERS. 

Causes usually assigned 74 

Danger of opening or shutting a valve suddenly .... 74 

How to act in case the flues get red-hot 75 

The water is repelled from a hot surface 75 

Causes of the plates becoming over-heated 76 

An explosion is followed by an immense volume of steam being 

liberated . 76 

Fusible metal plugs 76 

Preventives of explosion 77 

Explosion on board the Parona^-probable cause ... 77 



CHAPTER VII. 

MANAGEMENT OF THE ENGINES. 

Code of engine-room signals . , 79 

The bearings require attention 79 

How to test the tightness of an engine before starting ... 80 

How to discover a leakage of air into the engines . . 80 

How to cure leaky condensers 81 

The injection to be diminished when the ship labours much . 81 

How to act when the injection cock leaks 82 

Advantage derived from the bilge pipes 82 

Injection through the snifting valves 82 

How to make steam-tight joints 83 

How to act in case of accident to the engines . . . .83 

The test cocks 84 

The grease cocks 84 

Moving the engines round by hand 84 



X CONTSNT8. 

Galvanic action # • • « 85 

Essential to have square regolating lines marked on marine en- 
gines • . 85 

To adjust the paddle shaft 86 

To replace the levers on the vaWe shaft if carried away . . 86 

To fix the gab lever on the valve shaft .86 

To find the length of the eccentric rod if carried away . . 87 
To replace the stops on the intermediate shaft for driving the ec- 
centric, s • » * 87 

Essential to know the position of the steam valves from external 

marks « « . . • 87 



CHAPTER VIII. 

USB OF THE EXPANSION VALVE, INDICATOR^ AND 
DYNAMOMETER. 

The principle of expansion ........ 89 

The benefit derived from expansion ••.«.. 90 

Rule for calculating the power of an engine working expansively . 91 

The indicator, its construction and principle .... 92 

The indicator scale .94 

How to use the indicator 94 

How to make the calculation 94 

How to find the nonunal horse-power of an engine ... 95 

Distinction between the nominal and indicated horse-power • 96 

Use of the indicator for showing the internal state of the engine . 96 
How to compare the efficiency of different engines by means of 

the indicator • 98 

Example of the calculation for ditto 100 

Difference of effect between throttling the steam and cutting it 

off by the expansion valve . . . ' . . . . 101 

The dynamometer, its nature and application . t . . 101 

The counter 104 

Ditto, used to verify the rate of progression of the vessel . .104 

Engineer's log of Atrato, 2nd voyage 105 

Ditto, ditto, 17th voyage 106 

Indicator figure from Atrato't engines 107 

Engineer's log of P«ra 108 

Indicator figure from Pfra'f engines 109 



CONTENTS. 



XL 



CHAPTER IX. 
ON wethbred's superheated or *' combined' 

STB AM. 



Description of his patent process .... 
American experiments . . . « « 

Rationale of the process 

Details of first series of experiments : American . 

Details of second series of experiments : do. 

Details of third series of experiments : do. 

Details of the French experiments 

Conclnsions arrived at by the French Commission 

Details of the English experiments 

Mr. Atherton's conclusions .... 

The economy of the process may be more apparent than ital . 

Table of the experiments on board the Black Bagle 

Ditto, ditto, on board H.M.S. /)«e 



110 
110 
110 
111 
112 
113 
114 
114 
114 
115 
115 
116^ 
117 



CHAPTER X. 

ON THE aUALITIES OF FUEL, WITH HINTS FOR 
ITS SELECTION. 

On the qualities and value of difiierent coals . • . . . 118 * 

Much depends on the construction of the boiler . . 118 

Wicksteed's experiments . . . . '* . .118 

M. Ck9&b experiments . . . . . . 118 

The parliamentary experiments — description of the boiler used" . 119 

Management of the 'coals on the fire . . 119 

Patent fuels, their advantages and defects 119 

Rapid corrosion of iron coal bunkers 120 

The gases evolved from coal during exposure to the atmosphere . 121 

Natural decay in coal ........ 121 

Spontaneous combustion in coal '. • . .122 

Advice in the selection of fuel 122 

All the good qualities are nerer united in one coal . . .122 

Wood used as fuel in steamers 123 

Turf used as fuel in steamers 123 



Xn COIVTSHTB. 

CHAPTER XL 

CONSIDERATIONS AFFECTING THE CONSUMPTION OF FUEL 

AND GENERAL EFFICIENCY OF STEAM VESSELS. 

Page 
Rate of contumptioa of the fuel 125 

Steaming against the stream 125 

Natural law regulating the speed 125 

This law exemplified in H.M.S. Desperate ..... 126 

Limit imposed to the possible speed 126 

To find the speed corresponding to a diminished consumption of 

fuel . 127 

To find the consumption of fuel corre^nding to an increased 

speed . . . • . * « « • . 127 
Relation existing between the consumption of fuel and the length 

and velocity of the voyage 128 

Economy attending « diminished speed in the vessel .' . 128 
Use of a steamer's sails . . . . . . . .129 

Disconnecting the engines .. r «... 129 

When to assist the engines with the sails 130 

To compare the general efficiency of steam vessels for commercial 

purposes 131 

Ditto, examples . . . . « 132 

To compare the efficiency of difiTerent steam vessels for scientific 

purposes 132 

Ditto, examples 133 

Considerations in proportioning the horse-power to the tonnage 134 
Comparisons between the performance of Government and mer- 
chant steamers 135 

Economy of steam power the best criterion of efficiency in the 

Navy 136 

Performance of Inflexible in steaming and sailing . . 136 
Economy of a moderate proportion of horse-power in combination 

with the sails 138 

A high proportion of power requisite in the merchant service . 139 
Influence of form on the speed of a vessel exemplified by Rifleman^ 

TeazeTf Magmet, Ukd Ffymg-flek 139 

CHAPTER XIL 

ON THE PADDLE WHEEL. 

Varieties of the paddle wheel 142 



CONTKNT8. XUi 

The feathering wheel 1*/! 

Variable immersion : the grand objection 142 

The most advantageous dip I43 

The slip of the paddle wheel I43 

Explanation of the table of velocities of paddle wheels . . .143 

Area of the paddle boards I44 

Disconnecting apparatus I45 

Ditto, Maudslay's and Seaward's plans 146 



CHAPTER XIII. 

ON THE SCREW PROPELLER. 

Its gradual introduction . . 147 

In the Navy 1^^ 

In the merchant service I49 

Efficiency of the screw for war steamers 150 

Ditto in auxiliary merchant steamers 150 

Description of the common screw 151 

Pitch of the screw 152 

Slip of the screw j52 

Negative slip . 152 

Dragging the screw I53 

Disconnecting the screw I53 

Method of raising the screw I53 

Propelling power of the screw I54 

Apparatus for receiving the thrust of the screw . , . 156 

Explanation of the term " screw blade " 15g 

To find the pitch of a screw blade I57 

Varieties of the screw propeller I57 

Woodcroft's screw I53 

Griffith's screw propeller I59 

Ditto, advantages I59 

Ditto, experiments with, in Fairy 160 

Ditto, ditto, in Z)a»e 1^3 

Ericsson's propeller Ig^ 

Maudslay's feathering screw 165 

Hodgson's parabolic propeller I67 

Macintosh's elastic propeller I67 

Comparison of the flexible propellet with the action of a fish . 168 

h 



XIV CONTENTS. 

Patge 
Tine after-lines are indispensable for the screw . . . .169 
Diameter of the screw ........ 170 

Area of the screw 170 

Relative value of coarse or fine pitched screws . . . . 171 
Extent of slip of the screw 171 

Rattler's Experiment$. 

With different screws 172 

With the dynamometer 173 

Loss of speed by expansion gear 174 

Power consumed in driving the Rattler^ $ machinery . . .175 
i>toai/'« experiments 176 



CHAPTER XIV. 

REMARKS ON THE PRESENT POSITION OF THE SCREW 
AS A PROPELLER. 

The position of the screw is still undefined 177 

Its capabilities in full-powered sea-going steamers . . . 177 
In full- powered steamers making short passages . . . .178 

In steamers fitted with auxiliary steam power , . . . 178 

In screw colliers 179 

In screw canal boats 179 

The screw in the Mail Service 179 



APPENDIX. 



Admiralty formula of specification for marine engines, with paddle 

wheels 181 

Tender to the Admiralty for a pair of steam engines of 260 horses' 

power, with paddle wheels 185 

List of tools and spare gear required with those engines . . 187 
Admiralty formula of specification of marine engines, with screw 

propellres 188 

TcQder to the'Admu^ty for a pair of steam engines of 450 horses' 

power, with screw propellers 192 

List of tools and spare gear required with those engines . .193 



CONTENTS. XV 

P»ge 

Experiments with H. M. screw tender Jhearf . . .195 

Table of screw steamers in H. M. Navy, No. 1, vessel . . 196 
Ditto, ditto, No. 2, propeller and proportional numbers . . .198 

Ditto, ditto, No. 3, engines 200 

Ditto, ditto, No. 4, relative performance of the vessels . . . 201 

Particulars of the Grtat Eastern steam ship .... 202 

Table of screw steamers in the merchant service .... 203 

Table of paddle-wheel steamers in the merchant service . . 203 
Table of steam vessels and marine engines recently constructed by 

Robt. Napier and Sons, of Glasgow 204 

Table of proportions of marine engines and boilers, compiled by the 

Engineer Officers of H. M. Dockyard, Woolwich . . 205 

Table showing the progressive advancement of steam navigation . 207 

Table of trial-trips of Peninsular and Oriental Company's steamers 208 
Average speeds of Royal Mail steamers in 1857 . . . .210 

Form of log for a sea-going steamer 211 

Table of velocities of paddle wheels 213 

Table showing the economic values of different coals . . 216 
Table of the temperatures and relative volumes of steam of different 

densities 220 

Mile table for ascertaining the speed of the vessel . . . 221 

Glossary of terms connected with marine engines and boilers . 223 



Explanation of the Engravings of the Machinery of H. M, Screw Steam 
Ship of the LinCy * Duke of Wellington.' 

No. 1 is a cross section through the engine room, showing a side view 
of one engine with gearing, etc. 

No. 2 is a longitudinal section through the engine room, showing an 
end view of two cylinders, the valves, steam pipes, starting apparatus, 
screw shaft, and geared wheels. 

No. 3 is a longitudinal section through the boiler room, showing the 
fronts of the boilers, the furnace mouths, telescopic funnel, and jointed 
steam pipes, the various decks and hatchways, etc. 

No. 4 is a cross section through the boiler room, showing the sides of 
the boilers, the stoke place, the steam pipes, and winches for raising the 
telescope funnel. 



THE 

MARINE STEAM ENGINE. 



CHAPTER I. 



GENERAL DESCRIPTION AND VARIETIES OF THE MARINE 
ENGINE. 

A previous Acquaintance with the Principles of the Steam 
Engine presupposed. — As this little Tvork professes to be a 
guide to the management of marine engines and steam ves- 
sels, and not a treatise on the steam engine, it will be neces- 
sary to presuppose a certain degree of knowledge of the facts 
and mechanical principles on which the structure and opera- 
tion of steam engines depend. In short, to take it for granted 
that the reader has perused either Dr. Lardner's Rudimentary 
Treatise, in this series,* or some other work on the same 
subject. This being understood, we shall proceed at once to 
the consideration of the marine engine of the present day, as 
it is found in vessels of the Royal Navy and merchant sendee. 

General Description of the Marine Engine, — The principles 
upon which the marine engine is constructed, as well as its 
general plan of operation, are identical with those of the sta- 
tionary or land condensing engine ; the motive power in both 

* Rudimentary Treatise on the Steam Engine, by D. Lardner, LL.D. 
John Weale. 1«. 
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2 GENERAL DESCRIPTION AND [CH 

being deriyed from the pressure of the steam acting againsi 
partial yacuum. Thus we haye in each case a boiler to gen 
rate the steam; a cylinder^ piston, and valves to use it; 
conderiser in which to condense it, and thereby gain the pre. 
sure of the atmosphere by causing the steam to work agains 
a yacuum ; and lastly^ an air pump to withdraw the condens- 
ing water, the condensed steam, and the uncondensed yapour^ 
and gaseous matter. Such are the principal parts of eyery 
condensing or ** low-pressure" steam engine, whether it be 
used on land or at sea ; whether it be side-leyer, direct-acting, 
oscillating, horizontal, or rotatory. 

Varieties of Form.— The terms last used are those employed 
to designate different forms of the marine engine which haye 
been imposed upon it by wants and necessities of yarious kinds. 
For as the senrices which steam yessels are called upon to 
perform are yery different, so also must be their machinery, 
in order to suit the proposed mode of propulsion, the required 
form and displacement of the hull, the minimum draught of 
water, the comparatiye yalue of stowage or of passenger ac- 
oommodation, the necessity of protection from shot, the effi- 
ciency of the armament, and a hundred other considerations 
which may ent«r into the plans of a steamer. 

Xn all marine engines the required object is to giye a rota- 
tory motion to a horizontal shaft— either the paddle shaft in 
the case of paddle-wheel steamers, or the screw shaft in the 
case of yessels propelled by the screw. The earliest form 
of ergine used for this purpose was the side-leyer, or beam 
engine, in which the reciprocating motion of the piston rod 
is transferred through upright side rods and horizontal side 
leyers to the connecting rod, which then giyes the shaft its 
continuous rotatory motion by means of the crank. 

The Fly Wheel not applicable. — If such an engine were used 
to driye machinery on shore, it would be ftirnished with a fly 
wheelj^ which, by becoming a reseryoir of momentum, would 
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supply power to continue the rotatory motion past the top and 
bottom of the stroke, where the crank is evidently (irom its 
nature) powerless, and in this way a uniform speed would be 
maintaiued throughout each revolution of the shaft. But in 
the case of a vessel at sea, the fly wheel is inadmissible. Con- 
siderable irregularity in the revolutions results from this want, 
but not to such an extent as to be attended with any bad re- 
sults. In some engines where the moving parts are not ar- 
ranged so as to balance each other in their ascent and descent, 
one part of the stroke is made at a greater velocity, but this 
is generally obviated by admitting a greater quantity of steam 
on one side of the piston than on the other, until the propel- 
ling power for the up and down strokes accords with the re- 
sistance. The air-pump bucket is generally arranged in such 
a manner, that by its ascent it may balance the weight of the 
piston in the cylinder in its descent. 

Advantage of using two Engines. — Hence arises the neces- 
sity for supplying the place of the fly wheel by combining 
two engines on one shaft, in such a manner that when the 
one engine is at its least effective point (at the top or bottom 
of the stroke) the other engine may be most effective— each 
alternately helping the other over its difficulties. 

Single Engines sometimes employed. — River steamers, how- 
ever, are occasionally fitted with only one engine, the moving 
parts of which are ^'balanced'^ (by means of a cast-iron paddle 
board, or otherwise) in such a manner as may best assist the 
crank in passing the centres; but such an arrangement is 
always objectionable from the difficulty experienced in start- 
ing, and from the impossibility of preventing a disagreeable 
jumping motion in the vessel frOm the unequal speed at which 
the paddle wheels are driven. 

High-pressure Engines rarely used. — High-pressure engines 
are very rarely put into steamers in this country, the objec- 

B 2 



4 GENERAL DESCRIPTION AND [CHAP. 

tions to their use being their increased consumption of fuel in 
comparison with condensing engines, and the presumed danger 
to passengers, arising from explosion or escape of steam, which 
has made them extremely unpopular. As they possess, how- 
ever, the countervailing advantages of cheapness and lightness, 
they have been adopted in some cases where economy of fuel 
is not so much considered as first cost and light draught of 
water. While referring hereafter to the marine engine, it should 
be understood that the condensing engine alone is meant. 

Side-lever Engine — its Advantages, — It has been said that 
the side-lever engine was the first employed in steam boats. 
This construction, with the arrangement of which the reader 
is doubtless familiar, has several advantages, which enabled it 
for a long while to resist innovation. Perhaps its chief merit 
consists in this, that the weights of the moving parts are so 
balanced, the one against the other, that the piston when not 
acted on by steam is nearly in aquilibrio, and equally ready to 
start in either direction with the smallest application of force. 
The great length of the connecting rod, also, admits of the 
motion of the piston being transmitted to the crank in the 
^most equable and effective manner, and the moving parts of 
the engine are supposed to do their work with less friction and 
wear than are to be met with in any other kind of engine. It 
can hardly be wondered at, therefore, that the side-lever engine 
. was long a favourite, and indeed that it still continues to be so 
in certain cases, and under certain conditions. An example 
of a side-lever engine is given in Plate 1. 

Disadvantages of the Side- lever Engine. — There are two very 
important conditions, however, in the economy of a sea-going 
steamer which the side-lever engine does not fulfil, — namely, 
lightness of weight, and compactness of form. As these pro- 
perties were found to be most essential in the machinery of a 
war steamer, it soon became apparent that some other arrange- 
ment of parts must be adopted which would admit of the 
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6 GENERAL DESCRIPTION AND 

same power being stowed in less compass, and a p* 
the weight of the machinery saved for additional 
stores, or armament. 

Adoption of the Direct-acting Engine, — Hence the ada^ 
tion and general use of direct-acting engines in the Rojk 
Navy, by which means (in conjunction with the adoption of 
tubular boilers) the length of the engine room was diminished 
by about one-third, and the total weight of machinery by two- 
fifths. It may be observed here, that the weight usually 
allowed for side-lever engines, flue boilers with water, and 
paddle wheels, is one ton per horse-power; whilst direct-acting 
engines with tubular boilers and water, paddle wheels, etc., 
scarcely exceed 12 cwt. per horse-power. The distinguishing 
feature of all direct-acting engines consists in the connecting 
rod being led at once from the head of the piston rod to the 
crank without the intervention of side levers ; and as it hap- 
pens (unfortunately, we think) that this kind of engine is 
capable of almost endless variety, each manufacturing engi- 
neer has introduced his own child into the steam navy, where 
scarcely two pairs of direct-acting engines are to be found 
alike. 

Varieties of the Direct-acting Engine, — These may be all 
classed under three heads; namely, those which obtain the 
parallelism of the piston rod by means of the system of 
jointed rods called a " parallel motion ; " those which use 
guides or sHding surfaces for this purpose; and those de- 
nominated "oscillating engines," in which the cylinder is 
hung upon pivots and follows the oscillations of the crank. 
Belonging to the first class are those of Seaward, Rennie, 
Fairbaim, Forrester; and to the second class, Maudslay, 
Miller, Fawcett, Boulton and Watt, Bury, Robert Napier, 
Joyce, etc. As these various arrangements cannot be ren- 
dered intelligible in words, sketches of some of the most 
characteristic are subjoined, in Plates 2 to 10. 
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PLATE II. 




Direct-acting Engine, as constructed by Messrs. Seaward, 
Capel, & Co.* 



* See pages 8 and 9 ; and for fall details of the engines of the Cyclops 
see the Appendices to Tredgold. 
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PLATE III. 




Direct-acting Engine o/500 H, P, qfH. M, S. BuU-dog, constructed 
by Messrs. Rennib. 
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PLATE V. 
Elevation of Main-lever of Parallel Motion of H. M, S. Cyclops. 
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PLATE VIII. 




Marine Engine of the Rainbow Iron Steam Vessel, constructed by 
MssSRS. FORBBSTBB & Co., Liverpool See Appendices to Tredgold, 
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Shortness of Stroke a Defect. — ^The unavoidable shortness 
of the stroke and of the connecting rod in the majority of 
direct-acting engines is certainly a defect, and becomes sen- 
sible in practice by the increased wear and tear of brasses 
and packings, and a greater consumption of tallow and oil 
when compared with the old side-lever engines. Several of 
the direct-acting varieties, it is true, are not necessarily con- 
fined in the length of stroke, — as, for instance, the " steeple 
engine," which is such a favourite in America, as well as on 
the Clyde. 

Steeple Engine, — The latter, deriving its name from the 
high erection on deck required by the guide to the connecting 
rod which works above the crank shaft, can be recommended 
only in the case of river steamers, where the increased height 
of the centre of gravity, and the increased surface exposed on 
deck to the action of the winds and the waves, are not so 
detrimental as would be the case in a sea-going steamer. See 
page 13, a successful example. She made, notwithstanding, 
very rapid passages between London and Antwerp. 

Double-cylinder Engine. — Maudslay and Field's double- 
cylinder variety also makes a good engine, and may have 
tolerably long stroke and connecting rod, but for small powers 
it is heavy and expensive. It also occupies more space in the 
engine room than several other kinds of direct- acting engines ; 
but for very large powers, where the excessive diameter of a 
single cylinder may be considered objectionable, it appears to 
be most applicable, and has indeed proved itself to be highly 
efficient. See Plate 9. 

Trunk Engines. — In this description of engine a hollow 
cylindrical casing, or " trunk," is fastened to the upper face of 
the piston, this casing being made to sUde steam-tight through 
the cylinder cover in the same manner as the piston rod in an 
ordinary engine. The lower end of the connecting rod descends 
through the hollow trunk to the upper side of the piston, to 
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which it is jointed, the top of the connecting rod being con- 
nected as usual with the crank pin. Thus neither piston rod 
nor parallel motion are required, since the connecting rod has 
space to vibrate within the hollow trunk. The efifective area 
of the piston is of course diminished by the area of the trunk, 
the surface of the piston within the steam cylinder being an- 
nular where the trunk is attached. These engines are fre- 
quently used for driving the screw propeller, for which they 
appear very suitable, the cylinders being in this case placed 
horizontal, and the trunk projecting through the bottom of the 
cyhnder as well as the top, in order to equalize the area for 
pressure, and support the weight of the piston. 

PLATE IX. 




XHrect-actififf Double-cylinder Engine, ai constructed by 
Messrs. Maudslat, Sons, & Field.* 

Annular Engine, — In this variety the piston is made in 
the form of a ring, «, a, encircling an inner cylinder, b. 

* See Tredgold, new edition, Division B, Marine Engines- 
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Two piston rods, c, c, com- 
municate the reciprocating 
motion to the hollow cross- 
head d, which descends into 
the inner cylinder, where it 
is jointed to the lower end of 
the connecting rod. The 
latter slides hetween vertical 
guides on the face of the in- 
ternal cylinder, the head of 
the connecting rod being in 
connection with the crank 
pin, as usual. The advan- 
tage to be derived from this 
arrangement is, that a long 
connecting rod is thereby 
obtained without unduly in- 
creasing the height of the 
paddle shaft. Messrs. 




Anmdar Engine, 



Maudslay's annular engines in the Courier, Express, and Des- 
patch, carrying the mails to Guernsey and Jersey, are favour- 
able specimens of this kind of engine. 

Atmospheric Engine, — The peculiarity of this engine con- 
sists in the principle of condensation and vacuum being 
made use of for the descending stroke only, the ascending 
stroke of the piston being made by the simple pressure of the 
steam acting against the pressure of the atmosphere. In this 
arrangement the cylinder is left open at the top, and no piston 
rod is required, the connecting rod being jointed directly to the 
upper face of the piston. « Engines of this description (em- 
ploying three steam cylinders) have been recently fitted by 
Messrs. Seaward in several steamers belonging to the South- 
western Steam Navigation Company, where they have given 
much satisfaction. 



Oscillating Engine, — Of all the direct kinds, however, the 
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oscillating engine^ which has derived from Mr. Penn so much 
of its elegant simplicity and present perfection of workmanship 
find arrangement, is generally preferred. It need hardly he 
explained that this engine derives its name from the fact of 
the cylinders ''oscillating" upon hollow axes or ''trunnions/' 
through which the steam is admitted to, and withdrawn from* 
the valves, — the piston rod hy this means accommodating 
itself to the motion of the crank without any " parallel 
motion" heing required. This construction has now heen 
proved as applicahle to ocean steamers as to the small hoats 
on the Thames, where it has long heen a favourite ; and it 
appears to he also well adapted for driving the screw propeller. 

PLATE X. 




Oscillating Engine, as constructed by Msssus. John Pbnn & Son.* 
Machinery for Screw Propulsion. — The introduction of pro- 
pulsion by the screw has brought into use many other modifi- 
cations of the marine engine, in which the cylinders and work- 
ing parts are placed low down in the hull, in order to suit the 
* See Tredgoldy new edition, Division B, Marine Engines. 
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position of the screw shaft, and, in the case of the Royal Navy, 
to he protected from an enemy's shot. With this view, the 
cylinders of screw engines are often placed either horizontally 
or diagonally in the ship. As the screw propeller requires to 
revolve with considerable velocity, it is found necessary, in 
most instances, to increase the speed of the engines by gearing, 
so that the screw may make from two to three revolutions for 
each revolution of the engiae crank. The use of toothed 
wheels on ship-board is not found, in practice, to be so ob- 
jectionable as was at first supposed, an accident rarely hap- 
pening to this part of the machinery when the wheels are 
properly proportioned as regards the strength of the teeth 
and the diameter. In order to counteract the jerking motion 
which would otherwise result, the teeth are arranged in steps 
(generally three in the breadth of the wheel), so that the oppo- 
sing teeth are constantly in contact at one point at least, which 
causes the motion to be smooth and uniform, however great 
the resistance. Internal gearing has been successfully applied 
by Mr. Fairbaim for this purpose, the pinion on the screw shaft 
being driven by teeth on the internal periphery of the driving 
wheel. This gives a very smopth motion, as well as extra 
strength, from a greater number of teeth being in contact at 
the same time, and space is economized by the wheels lying 
one within the other. In the case of auxiliary steam power, 
or where .a high rate of speed under steam alone is not aimed 
at, the engines are generally arranged to work the screw direct, 
without the intervention of multiplying gear, which should 
always be avoided when practicable. Speaking theoretically, 
there is no reason why a marine engine should not be driven 
at a much higher velocity than it is ; but it is found in practice 
that a Hmit to the speed of the piston is imposed by the in- 
creased wear and tear of such compUcated and expensive 
machinery, and its greater liability to get out of order. Hence 
the speed of the piston in screw engines working direct is 
rarely allowed to exceed 270 feet per minute. In these en- 
gines short and frequent strokes are required, as it is evident 
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that dn engine with a three-feet stroke will give twice the 
numher of revolutions of the screw that an engine with a six- 
feet stroke would give, the speed of the piston remaining the 
same in each case. When a large power is required, therefore, 
it is usual to combine three or four cyHnders, working direct 
on the screw shaft, making short and quick strokes. 

Screw-machinery in the Boy at Navy,' — So long as the 
paddle-wheel continued to be the propelUng agent, it was 
plainly impossible to devise anj means by which the machi- 
nery could be protected from an enemy's shot ; but the adop- 
tion of the screw propeller has facihtated this very desirable 
object to the Navy. For as the screw itself revolves entirely 
beneath the surface of the water, we are now enabled to place 
all the machinery which gives it motion under the water line 
also, (in some cases, so much as six or eight feet,) by which 
means it gains a comparative if not perfect safety. It is well 
known that a shot will not penetrate more than a few feet 
under the water, unless it meet the surface at a high angle ; 
but the bottom of a vessel at sea must be often exposed, dur- 
ing both the rolling and pitching motion, to a position con* 
siderably beneath the level water hue, when an enemy's shot 
would have a fair mark at the machinery, although in smooth 
water it might be perfectly protected. The additional security, 
however, which such machinery does enjoy, renders it a ques- 
tion of the utmost importance to dispose the engines and boilers 
of a screw-propelled vessel in the Royal Navy, quite under the 
water line. Hence another reason for subdividing the power 
of large engines amongst a number of small cyHuders, these 
being ranged (generally in a horizontal or inclined position) 
on either side of the screw shaft, so as to require as little 
height as possible for the reciprocation of their moving parts. 
The boilers are also made as low as practicable, and if a 
steam chest be added, provision should be made for shut- 
ting it off from the rest of the boiler in case of injury, the 
steam being in that case drawn directly from the top of the 
main boiler. 



20 



CHAPTER 11. 

DETAILS OF THE MARINE ENGINE: THEIR PROPORTIONS 
AND USES. 

Although it is not here contemplated to supply rules and 
formulae for proportioning the marine engine, a few remarks 
are made upon such proportions as the officer in charge of the 
engines may he able to alter or modify for himself if found 
necessary. 

Steam Pipes, — ^The steam pipe from the boiler must not 
be too contracted, otherwise the pressure of the steam upon 
the piston moving in the cylinder is not kept up during its 
stroke, the steam being then what is called "wire-drawn" in 
the pipes. The usual area allowed to the steam pipe is one 
square inch per horse power, but this may be increased with 
advantage in the case of small engines. It is of much import- 
ance that the pipes should have as short and direct a route as 
possible l&om the boiler to the engines, with few angular bends 
or changes of direction, as all such impediments act most in- 
juriously by checking the supply of the steam. Where bends 
are unavoidable* they should be made of as large a radius as 
convenient. Much care must also be taken to prevent the 
loss of heat by radiation, and the consequent condensation of 
steam in the pipes, which must therefore be clothed with 
sheets of hair-felt wrapped round with spun yarn, the whole 
being sewn up in canvas, and painted. Copper is the only 
material which should be used for steam pipes between the 
boiler and engine, as wrought-iron pipes generate scales of 
rust which, becoming detached, are blown by the steam into 
the valves and cylinder, where they do much mischief by 
scratching and cutting the surfaces. When a straight pipe 
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forms the connection with the boiler, an expansion or " fawcett" 
joint must be provided, but this may be dispensed with when 
an elbow occurs in the length of pipe. 

Throttle Valve, — The throttle valve of a marine engine is 
always worked by hand, and should be used only in control- 
ling the speed of the engines for any temporary purpose, such 
as in passing through a crowded river, before stopping at a 
pier, etc., but should seldom or never be used for working the 
engines expansively at a permanent reduction of speed. 

Expansion Valve, — ^This latter object is effected by the 
expansion valve, which should be fitted to ail sea-going steamers. 





It usually derives its motion from the crank shaft of the en- 
gine, the valve spindle being connected by a series of rods and 
levers with a small brass pulley which presses against the 
periphery of a graduated cam on the crank shaft, by which 
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means the steam is '^ cut off" in the most advantageoos man- 
ner at any required portion of the stroke. The valve employed 
is usually of the description called the " Cornish double-beat," 
or equilibrium valve," which has the advantage of being opened 
and shut with great faciUty, since, from its construction, the 




pressure of the steam has no tendency to jam it against its 
seat — the objection to which all flat or plate valves are subject. 
Also, by a slight rise of this valve, a very large opening is ob- 
tained for the steam. This will be best understood by refer- 
ence to the annexed engraving. The principle on which this 
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Talve is constructed is> that if steam be conducted by a branch 
pipe into a larger perpendicular pipe between two common 
conical valves placed in it, and connected together by a centre 
spindle or rod, and resting on their seats, it would exert a 
pressure on the under side of the upper valve, tending to raise 
it ; and on the upper side of the lower one, tending to keep it 
down ; these two pressures in opposite directions thus neutra- 
lizing each other. It is therefore evident that these two valves 
form one double-seated valve, and may be opened fit aquilibrio, 
by/neans of their spindle. The steam then passes up one 
pipe and down the other, and, if desired, these pipes may be 
again immediately united. By the peculiar arrangement of 
the seats and partitions, this is done inside the outer casing of 
the valve, as shown in the engraving. 

Stepheiison's Link Motion applied to give Expansion, — A 
modification of Stephenson's elegant and simple link motion 
for locomotives has been adapted to the marine engine, by 
which means the length of stroke of the cylinder slide valves 
may be varied at pleasure, so as themselves to act also as ex- 
pansion valves ; but as their motion is derived from an eccen- 
tric of the usual form« it has a different character from that 
produced by the cam in the former instance ; the admission 
and exclusion of the steam now taking place more gradually, 
and, as is generally admitted, with less effect. 

To set the Slide Falves, — The manner of setting the cylin- 
der slide valves so that they shall admit and shut out the 
steam from the cylinder at the proper time, independently of 
the action of the expansion valves, is a matter of the greatest 
importance. The chief points to be attended to are these : 
1st, that the steam shall be shut off a little before the end of 
the stroke, by closing the aperture of the steam port, which 
causes the piston to be brought gradually to rest without 
jarring the engine, independently of the advantage derived 
from expanding the steam ; 2nd, that the eduction port, or 
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the passage to the condenser, should he closed before the end 
of the stroke, which is termed "cushioning" the piston, be- 
cause it then completes the stroke against an elastic air-cushion, 
in consequence of a portion of uncondensed vapour being shut 
up between the piston and the top or bottom of the cylinder ; 
3rd, that the steam port on the same side of the piston should 
be opened a yerj little before the end of the stroke, so that 
the steam may have acquired its full pressure as soon as the 
crank shall have turned the centre ; and, 4th, that the com- 
munication with the condenser should also be opened on^the 
opposite side of the piston a little before the end of the stroke, 
so as to have a vacuum ready made in the cylinder before the 
return stroke begins. 

"Lap'* o/tke Valve. — Now, if the slide valves had simply 
to admit and shut off the steam at each instant that the 
piston arrived at the top and bottom of its stroke, the face of 
the valve would have exactly the same depth as the aperture 
to be covered ; but that the steam may be cut off a little be- 
fore these points, it is necessary that the valve faces should 
be made deeper towards that side from which the steam comes, 
so that after closing the steam ports they may move past the 
aperture for a certain space at each end of the stroke. This 
space, which -> they lap over the valve seating, is called the 
"lap" or ** cover" of the valve on the steam side. It is ap- 
parent that no lap is necessarily required on the exhaust side, 
because we want the communication with the condenser to 
open before the end of the stroke. The genera] practice on 
this point is, to make the edges of the valve faces flush with 
the edges of the cylinder ports, when the valves are placed 
exactly in the middle of their stroke. The objection to lap on 
the eduction side is, that the communication between the cylinder 
and the condenser will be closed too early, and the effect termed 
cushioning will take place to an injurious extent. The un- 
condensed vapour is compressed sometimes even to such an 
extent as to exceed in pressure the steam m the boiler, and an 
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erroneous opinion has then been formed in examining the 
lead comer of an indicator diagram, that the valve has l^een 
set to open too soon. In these cases, after due examination, 
the cover on the eduction side should be cut off. By means 
of the lap J therefore, we are enabled to shut out the steam, 
and to open the passage to the condenser before the end of 
the stroke. But it is also necessary that the port should 
open to steam on the opposite side before the commence-* 
ment of the return stroke. 

"Lead'* of the Valve, — Steam is admitted to act upon the 
piston before it has quite completed its stroke, by giving the 
valve a motion in advance of the crank. The extent to which 
the port may be open for the admission of steam, when the 
engine is on its top or bottom centre, is varied much, but an 
allowance of one square inch of opening to every sixteen 
horses' nominal power, will be found to give good results. 
In all engines where the velocity of the piston is greater, 
the lead may be increased beyond this extent vrith advantage. 
With common sUde valves driven by an eccentric great breadth 
of port is evidently desirable, as a slight motion of the valve 
then gives at once a greater area of opening. 

Reversing the Engines. — If marine engines were required to 
work only in one direction, the eccentric pulley might then be 
permanently fixed on the paddle shaft (as it is on the fly 
shaft of a land engine), in the most advantageous position for 
lead, etc. ; but as a steamer must be equally capable of revers- 
ing the motion of the wheels, such an arrangement becomes 
unsuitable. For let us suppose that the engine has been 
stopped at half stroke in the usual way, by throwing the 
eccentric out of gear and shutting off the steam, and that steam 
has been admitted by hand to the opposite side of the piston, 
the shaft will then commence revolving in the opposite direc- 
tion. But it is evident that before the engine can be thus 
put into the proper position for enabling the eccentric to 

c 
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continue the reversing motion, the shaft must he free to rotate 
backwards within the eccentric pulley through half a revolu- 
tion. Hence a necessity arises for placing the eccentric pulley 
loose upon the paddle shaft, the latter being fitted with a 
" stop" or '* snug" with which another "stop" cast on the 
pulley comes into contact after half a revolution in either 
direction, and thus communicates motion to the valves with 
perfect indifference as to which end of the eccentric stop may 
be in contact. 

Expanding by Means of the Lap on the Slide Valves. — It is 
apparent that the lap of the sUde valve presents a simple 
method of working the steam expansively to a small though 
definite extent, which is then fixed beyond the power of altera- 
tion until the valves are reset. The amount of expansion which 
can be thus given, is limited by the effect produced upon the 
eduction port as before mentioned. It is, however, objection- 
able to carry expansion by this means to the full extent to 
which it is practicable, from the fact that when the vessel 
is placed in the most difficult circumstances, struggling off 
a lee shore, vnth the speed of her engines reduced by a head 
wind, so that there is an abundant supply of steam, there 
are then no means of completely filling the cylinders, and the 
full amount of power capable of being generated cannot be 
realized. The most beneficial practice therefore, when the 
common slide valves are used, is to have only a small amount 
of lap, so that it may be possible to obtain the utmost power 
that the engines are capable of exerting at such times as it 
may be essential, and to have an additional valve for regula- 
ting the amount of expansion to such extent as may be desired. 
The latter system is in accordance with the growing intelli- 
gence of those now generally entrusted with thie working of 
marine steam engines. An excessive and wasteful expenditmre 
of steam under circumstances when a corresponding result 
cannot be obtained from it need not be feared with a good 
superintending engineer on board, as so much interest has 
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of late been excited not only amongst those parties, but also 
amongst commanding officers, on this most important point. 

Blow-through Valve, — Before the engines can be started it 
is necessary that the air should first be expelled from the 
cylinder, condenser, and air-pump, and its place supplied by 
steam, in order that we may obtain a vacuum by its subse- 
quent condensation. Hence a valve, called from its office the 
" Blow-through valve," is provided to open a temporary com- 
munication between the steam in the valve casing and the 
condenser, by which means a rush of steam is caused to 
pass through the internal parts of the engine. This opera- 
tion is continued until the steam begins to issue, hot and 
transparent, from another valve on the condenser, called the 
"Snifting valve," situated at the opposite point from where 
the steam entered. These valves are of course closed as soon 
as the engine is set to work. 

Clothing the Cylinders, etc, — As it is of much importance 
that the internal heat of the cylinders and valve casings 
should be preserved from radiation (especially when high 
steam is used expansively) these must be carefully clothed 
with felt and dry timber, bound round with metal hoops. 

Clearance of the Piston, — The " clearance " of the piston 
at the top and bottom of the stroke should be just as little 
as is consistent with safety, and is usually made from a half- 
inch to five-eighths or three-fourths of an inch. 

Priming Valves, — "Escape" or "Priming valves" are now 
generally fitted to the top and bottom of the cylinder, to 
permit the escape of water without danger to the machinery 
from the shock of the piston against the incompressible fluid. 
This water collects partly from the condensation of steam 
witliin the cylinder, but is chiefly carried over from the 
boiler, either as "priming," or in a state of mechanical sus- 

c 2 
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pension with the steam. It may also overflow through the 
valves from the condenser. These valves should be* fitted 
with hoods to carry off the ejected water into the bilge^ and 
prevent its being thrown about the engine room. 

Packing for the Piston, — Metallic packing is now univer- 
sally employed for the pistons of marine engines^ this being 
made in the form of cast-iron rings, either possessed (from 
their construction) of elasticity in themselves, or deriving 
it from steel springs placed behind them. The cast-iron rings, 
unfortunately, lose their elasticity after being some time in 
use, in which case they must be taken out, and have this 
restored by hammering and thereby elongating their internal 
surface ; or else steel springs must be added to press them 
out against the cyUnder, when they are cut into segments to 
allow the springs greater freedom of action. The piston is 
lubricated with melted tallow through a grease-cock on the 
cyhnder cover, advantage being taken of the vacuum during 
the up- stroke to suck in the tallow. The grease- cock aper- 
ture also serves for applying the "Indicator** during the 
stroke above the piston. 

Condenser, — ^The condenser should have a capacity of half 
the cylinder as a minimum, but may be made larger with 
advantage. The size should depend, to a certain extent, upon 
the temperature or density of the steam used, as plenty of 
room should be allowed for high steam to expand into low- 
pressure steam before being condensed, if this has not been 
previously effected by expansion within the cylinder. 

Injection Valve. — ^The area of the injection valve should 
be about one square inch for every ten-horse power. This 
is an ample allowance in all cases, and is more than neces- 
sary when the injection water has a temperature of 52° Fahr. 
(which is the average for our seas), though ^in tropical cli- 
mates it will not be found too much. The average tempe- 
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rature of the Mediterranean is about 65° ; at 20° of latitude, 
about 75° : and at the equator, about 82°, Fahrenheit. The 
supply may be regulated at will by the opening given to the 
valve, as shown on an index plate. It is better in the case 
of large engines to have two injection cocks fitted between 
the sea and each condenser, — one, the sea cock, close to the 
side of the vessel, as a security in case of injury to the in- 
ternal pipe, and the other upon the condenser. Besides these, 
it is usual to have an injection pipe led from the bilge of 
the vessel, so that in case of unusual leakage the sea cock 
may be closed, and the engine supplied with injection from 
this source. The mouth of this pipe should be carefully 
guarded and kept clean, as when the emergency arrives for 
its use it has too often been found choked up and unser- 
viceable. 

Temperature of the Condenser, — ^The process of condensa- 
tion will be the more complete in proportion to the coldness 
^nd quantity- of the injection water, the manner in which it is 
brought into contact with the steam, and the temperature of 
the steam itself on entering the condenser. The resulting 
temperature which is usually aimed at by engineers for the 
condenser is from 90° to 110°. The limit to a more perfect 
degree of condensation is imposed by the increased size of the 
air pump required to withdraw the additional injection water, 
which diminishes the work and increases the cost of the engine. 
Hence the engineer is well satisfied if the temperature of the 
condenser be not above 110°, with which a vacuum of 27 \ or 
28 inches of mercury is obtained by a good engine. 

Elasticity of Watery Vapour at different Temperatures, — 
According to Dr. lire's experiments, uncondensed watery 
vapour at a temperature of 100° balances 1*86 inch of mer- 
cury; at 110°, 2-45 inches; at 120°, 3-3 inches; at 130°, 
4-366 inches; at 140°, 5*77 inches; and at 150°, 7*53 inches 
of mercury, or exerts a pressure of 3^ pounds per square inch. 
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Flow of the Injection Water, — The velocity at which in- 
jection water enters the condenser varies as the square root of 
the pressure, and will be about 40 feet per second for the full 
pressure of the atmosphere against a pure vacuum. The sea 
injection should be taken from about midway between the sur- 
face of the water and the bottom of the vessel, so as neither to 
draw impurities from the surface, nor be liable to become 
choked with sand or mud from the bottom, when working in 
shallow water, or when the vessel is aground. In many of the 
latter cases, the engines have been rendered useless at the time 
when most needed, by sand being sucked in and destroying 
the action of the air pump. 

Barometer Gauge, — A barometer gauge is attached to the 
condenser to showr the vacuum. It is usually constructed 
like a common barometer, except that the top of the glass 
tube communicates through a small pipe and cock with the 
interior of the condenser, the partial vacuum of which then 
takes the place of the Torricellian vacuum of the ordinary 
barometer. The surface of the column of mercury in this 
case indicates the difference which exists between the pres- 
sure of the atmosphere and the pressure in the condenser, 
so that if we see a column of 27 inches of mercury sup- 
ported in the tube, and the pressure of the atmosphere at 
that time be 30 inches of mercury, we know that there is 
a pressure of three inches of mercury, or 1^ lb. on the square 
inch within the condenser. 

Sources of Error. — As we find by the common barometer 
that the pressure of the atmosphere is constantly varying, 
a correction should be made for this in estimating the va- 
cuum of the condenser. Another source of error arises 
from the varying level of the mercury in the open cup 
which supplies the gauge tube, according as the tube be- 
comes more or less filled ; since it is evident that only that 
portion of the column which rises above the surface of the 
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•mercury in the cup can be reckoned as the counterpoise to 
the atmosphere. The simplest manner of alleviating the last- 
mentioned source of error is to make the surface of mer- 
cury in the cup very large in comparison with the bore of 
the tube. As the barometer gauge is very often found to 
show incorrect results (either through ignorance or design 
on the part of the foreman who saw it fitted), it would be 
well if every commander of a steam vessel satisfied himself 
of its accuracy, before giving credence to such wonders about 
vacuum as are sometimes published to the world. 



Improved Barometer for the Condenser. — Subjoined is a 
sketch of an improved barometer for the condenser, which 
has been tried and found useful. A glass siphon tube, a a, 

34 or 35 inches long, is half filled 

with mercury; one end, at 6, being ''"'^ri'^*'' r^| 






a 



left open to the atmosphere, which 
is admitted through a very small 
aperture, to exclude the dust. A 
sliding brass scale, graduated from 
at the bottom to 30 inches at the 
top, is fitted in the space between 
the two legs of the inverted siphon. 
When required to show the vacuum, 
the zero point of the scale must be 
shifted to where the mercury falls in 
the leg open to the atmosphere, and 
the height of the mercury in the 
other leg being then read ofi^ from 
the scale, the exact difference of 
height between the two columns is 
thus obtained. This barometer pos- 
sesses also the advantage that the 
mercury cannot be blown out by a 
slight pressure of steam in the condenser (as is the case with 
the common barometer), which admits of its being kept in 
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constant use as a guide to the engineers in stopping and start- 
ing their engines in any time of difficulty. The siphon may 
he made, if preferred, hy uniting two straight glass tuhes in 
a short piece of hent iron pipe. 

Evils arising from the Use of Sea Water for Condensation. 
— ^The use of sea water for condensing the steam and suh- 
sequently feeding the hoilers, entails upon marine engines 
the necessity for ejecting, or "blowing off" a portion of the 
saturated water, at intervals, into the sea, to prevent the 
deposition of scale and salt, and causes the loss of a con- 
siderable quantity of caloric. The specific gravity of the salt 
water in the boiler, taken at a medium degree of saturation, 
is about one- tenth part greater than that of fresh water ; and 
as the capacity of the water spaces requires to be increased to 
allow for cleaning as well as for the more ready escape of the 
steam through the denser fluid, we may add about one-fifth 
for the extra weight of salt water in the boiler as compared 
with fresh, taking into account the portion which is blown off. 
When we consider also the very rapid wear of boilers using 
salt water, it is at once apparent that an efficient means of 
supplying them with fresh water at sea is one of the greatest 
desiderata in marine engineering. 

Surface Condensation attempted, — With this view, many 
attempts have been made to condense the steam by contact 
with cold metallic surfaces, instead of by the plan of injecting 
amongst it a large body of salt water from the sea. Could 
this be done effectively, the boiler might then be fed, during 
the whole voyage, with the fresh water which it had at starting ; 
the same water, after circulating through the cylinder as steam, 
being condensed without intermixture with other water in the 
condenser, and then returned to the boiler to be again formed 
into steam, being thus kept in a continuous round of action. 

Surface Condensation found to be Inefficient, — But, unfor- 



II.] THEIR PROPORTIONS AND USES. 33 

tunately, the principle of surface condensation has hitherto 
always proved inefficient. The difficulty has heen to present 
a sufficiently large cooling surface to the steam, so as to pro- 
duce as rapid a condensation as is ohtained hy the plan of 
injecting cold water amongst it. In Hall's Condensers, the 
steam was passed through many miles of httle copper pipes 
enclosed in a cistern of cold water^ which was constantly re- 
newed from the sea hy means of a force pump worked by the 
engine ; but in this case the small pipes through which the 
steam was passed were found liable to become " furred " on 
the outside, or choked up altogether by deposits from the sea 
water. Besides this, the additional machinery required added 
so much to the expense and intricacy of the engine, as well 
as to its weight and the space it occupied in the vessel, that 
this condensing apparatus has not been found applicable in 
practice. In such an arrangement the loss of steam arising 
from leakage, or from blowing off at the valves, is compensated 
to the boiler by the use of a small apparatus for distilling sea 
water. The air pump is then, of course, much reduced in 
size, as it has no injection water to remove. 

Air Pump, — ^The capacity of the air pump is usually pro- 
portioned to the cylinder as 1:8, or thereabouts ; and the 
delivery valve has an area of one-third of the air pump, 
though the orifice through the ship side for the escape of 
water from the hot well need not be more than one-sixth of 
the area of the air pump, when the latter is single-acting. 
In large engines, a sluice valve is usually fitted inside the 
vessel across the mouth of the discharge pipe at the ship 
side, which, being closed by hand when the engines are not 
working, prevents the wash of the sea from entering the hot 
well, as well as acting as a safeguard to the ship in case of 
breakage of the internal pipe. 

Feed Pumps, — The feed pumps supply to the boiler so 
much of the water which has been used in condensing the 

c 3 
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steam as will restore the waste from evaporation and blowing 
off, and each of the two feed pumps which are usually fitted 
up is made sufficiently large to supply all the boilers in case 
of accident to the other pump, or to its feed pipes. The 
necessary quantity to be admitted to the boiler is judged of 
by observing the level in the glass water gauge, and is regu- 
lated by hand by means of the feed cock on each boiler — 
the surplus water, which is rejected by the boiler, being ex- 
pelled into the sea by the feed pump through a loaded escape 
valve. 

Bilge Pumps, — Bilge pumps are fitted to marine engines as 
a security to the ship in case of extraordinary leakage, as well 
as to save the work of the crew in pumping the hold dry. 
The bilge pipes should be made of lead, which suffers less 
corrosion than copper from the acidulous bilge water of wooden 
ships, and care must be taken that they do not get choked 
with filth. 

Hand Pump connected with the Engines, — A hand pump 
must also be fitted for the purpose of feeding the boilers while 
the engines are at rest and the steam blowing off. ^his is 
made capable of being connected to and driven by the engines, 
so as either to assist in feeding the boilers, if necessary, to 
act as a fire engine in case of need, or for the every-day duty 
of washing decks. It should also be so arranged that it may 
draw either from the sea or the bilge. 

Feed Pump driven hy a Supplementary Engine, — In the 
case of vessels with tubular boilers, this pump receives its 
motion from a small high-pressure engine (technically known 
as "the donkey") which works by the pressure of steam 
in the large boilers. Such a provision becomes necessary on 
account of the rapid evaporation of tubular boilers in com- 
parison with their confined area at the water level ; but in the 
case of flue boilers, where the water surface is comparatively 
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larger, and dangler from the water level falling too low during 
a temporary stoppage is therefore diminished, the feed pump 
is generally worked hy hand only. The "donkey" is also 
made to do duty as a fire engine, drawing water either from 
the sea or the hilge. 
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CHAPTER III. 

THE MARINE BOILER: ITS GENERAL PROPORTIONS, AND 
THE PRINCIPLES CONCERNED IN ITS OPERATION. 

The Marine Boiler, — The Marine Boiler differs from one 
on shore in this essential particular, that, in the former, the 
fire and flues are wholly contained within the hoiler itself, 
and are surrounded with water in every direction, — such an 
arrangement heing rendered necessary as a precaution against 
fire. There are several varieties of this hoiler in use, de- 
signated the Rectangular fine hoiler, the Tubular boiler, the 
Sheet- flue boiler, &c. 

Flue Boiler, — In the Rectangular flue boiler, the flame and 
hot gases generated in the furnace are confined in i\|irrow flues, 
i^hich vrind about amongst the water of the boiler until the heat 
of their contents has been nearly all absorbed ; after which, 
the flues are gathered together into the "up-take," at the 
bottom of the chimney. 

Form of the Flues, — They should be so roomy as to aUow 
of a boy getting readily through them to clean out any deposit 
of soot or ashes ; but their area must not be unduly increased 
in any one place, so as to check the velocity of the draft, as in 
that case a deposition of soot and ashes invariably takes place, 
by which the heating surface is not only impaired, but the 
plates are corroded and destroyed. 

Arrangement of the Heating Surface. — It is a point of the 
utmost importance that no part of the heating surface of a 
boiler should be so situated that the steam may not readily 
rise from it and escape to the surface of the water ; since the 
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plate, if left in contact with steam instead of water, becomes 
unduly heated and destroyed, and an explosion frequently en- 
sues. 

Horizontal Heating Surface the best. — It is found in prac- 
tice that a perpendicular heating surface, such as the sides of 
rectangular flues, is by no means so efficient for raising steam 
as an equal area of horizontal surface, such as the tops of the 
same flues or of the furnaces. The reason of this is suffici- 
ently apparent ; for the steam in the first case, rising perpen- 
dicularly from every portion of the surface, forms a film or 
stratum of vapour in contact with the sides of the flue, which 
prevents the free access of the water to the hot metal ; but, in 
the other case, the steam leaves the iron as soon as it is gene- 
rated, and allows the water to be constantly in contact. 

Bottom Heating Surface inefficient. — From the same cause 
of imperfect contact, the flat bottom of a metal flue is very in- 
efficient as heating surface ; and plates thus disposed are found 
to wear out much quicker than those forming the tops of flues 
or fire boxes. The plan of covering the bottom of the flues 
with a non-conducting material, as bricks or cement, has been 
found to cause hardly any diminution in the evaporative power 
of the boiler, and is by some thought to increase the durability 
of the bottom plates. 

The objection to this ]plan is, that from the unequal degrees 
of expansion between the iron and the non-conducting lining, 
it is impossible to maintain an unbroken joint between their 
surfaces, so that a space is formed in which brine may collect 
in contact with the plates, and thus do more mischief than the 
original disease. 

The flues generally increase a little in height as they recede 
from the furnaces, in order that the depth of water over them 
may be less in proportion as the contained air is cooler. 

Disadvantages of Flue Boilers. — Although flue boilers oc- 
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cupy at least one-third more space in the vessel than tubular 
boilers of an equal evaporative power, and are nearly one-third 
heavier, they are still preferred in some instances (as on board 
the West India mail packets), as being more economical both 
with regard to first cost, repairs, and durabiUty. It is hardly 
believed, however, that these qualities, if really possessed, are 
not more than counterbalanced by the increased consumption 
of fuel necessarily attending any increase in the displacement 
of the vessel, as well as in the loss of so much valuable space 
for passengers, goods, or stores. # 

Tubular Bailers. — In tubular marine boilers, the flame and 
hot gases from the furnaces are led through a great number of 
small tubes (of iron or brass), completely surrounded with 
water, to the flue or "up-take" at the bottom of the chimney. 
By this arrangement we are enabled to condense a very large 
amount of " heating surface " within a comparatively small 
space ; and in consequence of the extreme subdivision of the 
heated gases in passing through several hundreds of tubes not 
above three inches in diameter, every particle of them is 
brought into contact with the absorbent surface, and their 
caloric is thus abstracted in the smallest possible time. 

There is much difference of opinion as to whether iron or 
brass tubes are preferable, for although the first cost of iron 
tubes is much less, the brass tubes generally last twice as long, 
and they certainly give -more steam by conducting the heat 
more rapidly to the water. On the other hand, it is difficult 
to keep brass tubes so tight as iron ones, in consequence of the 
different degrees of expansion of brass and iron by heat. With 
regard to the durability of brass tubes, much depends upon 
the hardness of the alloy (copper and zinc) of which they are 
made, instances occurring of a very rapid wear from the metal 
being worn away by the passage of the cinders and ashes 
through them. 

Sheet-flue Boilers. — The best specimen of this description 
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of boiler is that patented by Messrs. Lamb and Summers of 
Southampton, and extensively used in the service of the Penin- 
sular and Oriental Steam Navigation Company, where they 
give much satisfaction. A drawing of those fitted in the 
Himalaya^ Government troop-ship, is given on the next 
page (p. 40). They appear to possess some advantages over the 
tubular boiler, the surfaces in contact with water being more 
easily kept clean and free of deposit, the joints requiring but 
little attention to keep them tight and in good repair, and their 
flues are certainly more durable than either brass or iron 
tubes. They are somewhat heavier than tubular boilers of the 
same size, and although they may not give so much steam as 
boilers with clean brass tubes, their average performance ap- 
pears to be nearly equal to that of most tubular boilers. We 
have seen the flues of these boilers after six years' service as 
sound, apparently, as when they were first made, and without 
having undergone any repair during that period. 

Furnaces. — The furnaces, or " fire boxes," should be so 
deep as to allow of a roomy ash-pit under the doors, the front 
of the grate bars being fixed at a height of about thirty inches 
above the firing stage, and sloping down with an inclination of 
about two inches to the foot towards the " bridge." 

Fire Bars, — Cast-iron bars are now usually preferred to 
wrought iron, the latter being so liable to soften and get out 
of shape with the heat. They should be made not more than 
2\ to 3 feet long, generally two lengths to the furnace, 
which itself should not exceed 6^ or 7 feet, this being the 
utmost length that can be conveniently managed by the fire- 
men. The bars should be f inl or ^ in. thick on the upper 
edge, between 3 and 4 inches deep in the middle, and with 
an air-space of f in. to -^ in. between them for Welsh coal, 
though this space should be modified according to the fuel 
intended to be burnt, so that neither too many cinders may 
fall through, by the spaces being too wide, nor the fires smo- 
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thered for want of air. No open space should be left between 
the outer bars and the sides of the furnace, as it is better to 
check the draught at that part, to prevent the formation of 
flame, and keep the plates from being " burnt." 

Chanter*a Patent Fire Bare. — An arrangement known as 
'* Chanter's Patent Movable Fire Bars,*' has been success- 
fuUj tried in several steamers, and appears worthy of more 
extended use. The bars are cast with teeth on the upper 
edge, thus; and are so 

arranged on the bearers, Q:r-^vvvv\AAA/VV V 1 

that the alternate bars are ^s _ ^^^ 

capable of being moved a 

distance of about 2 inches backwards and forwards, by means 
of a short lever worked by the firemen, the intermediate bars 
remaining fixed. The great advantage of this is, that by the 
movement of the alternate bars a tearing and grinding action 
takes place, which thoroughly breaks up the clinkers, and the 
coal, if it is disposed to cake, and cleans the interstices between 
the bars without the " slice" or any other tool being required. 
A regular supply of air is thus maintained, which preserves 
the bars themselves from being burnt, and gives a clear, open 
fire, with comparatively small labour to the firemen. 

The direct Impact of Flame to be avoided, — It should be 
borne in mind that the direct impact of flame is very much 
hotter than radiant heat, and the plates of a boiler should be 
protected from it as much as possible. This forms a source of 
objection to many of the plans which have been proposed, or 
adopted, for burning the inflammable gases in the flues of a 
marine boiler by the admission of a jet of air, which too often 
acts like a blow-pipe by directing the flames thus generated 
against the plates. 

The Bridge.— The ** Bridge,'* to which we have alluded, 
crosses the back of the furnace to support the ends of the 
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fire-bars, and prevent the fuel being carried into the flues. It 
also causes the flame to reverberate upon the roof of the fur- 
nace, although some boilers, from their construction, do not 
require it at all. It is either formed of fire-brick, or else con- 
stitutes a part of the boiler by being made hollow, and contain- 
ing water, in which case the top of the bridge inclines at a 
considerable angle, to allow the escape of steam, without which 
precaution it would be speedily injured by the heat. 

Water Spaces. — The furnaces should be covered with four- 
teen or fifteen inches of water, and the tubes or flues with 
ten or twelve inches, in the case of sea-going steamers. The 
water spaces between the furnaces are usually ^ve to six 
inches wide; and between the flues, four to five inches. 
The spaces between the crowns of the furnaces and the bot- 
toms of the tubes should be not less than ten inches, to allow 
of a " man-hole" between the arched tops. The bottom water 
spaces should be not less than eight inches, to allow room for 
" scaling" and cleaning. It is usual to allow a space of one 
inch between the tubes of a tubular boiler, these being ar- 
ranged in perpendicular rows, one over the other, by which 
means the steam is supposed to escape more readily than 
when they are placed zigzag. 

Nothing so much affects the duration of a boiler as the 
greater or less accessibility of every part in contact with water, 
for wherever the plates cannot be conveniently reached for 
cleaning or scaling, a deposit is sure to collect at that place, 
and the plates to get burnt and weakened in consequence. It 
should always be borne in mind that in such cases the actual 
cost of the repair is but a small part of the loss entailed upon 
the proprietors of steamers, the principal loss arising from the 
detention of the vessel while the repairs are being made. 

Although many of the proportions here set down are be- 
yond the control of the officers in charge of a steam vessel, 
still we think it expedient to state, in as few words as pos- 
sible, what proportions of engine and boiler are considered by 
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practical men to be most conducive to perfect efficiency. 
For unless a general knowledge of these proportions be ac- 
quired, it is plainly impossible to form a judgment as to 
whether any observed deficiency in the work of the engines 
is due to the fault of their original construction, or depends 
upon those details of management which it is more particu- 
larly our present object to explain. And although it is but 
just to the talented constructing engineers of this country to 
assume, that in the majority of cases the machinery of a steam 
vessel leaves their hands in a perfect state, it is nevertheless 
most satisfactory to be enabled to prove this for one's self. 

Requisite Amount of Heating Surface. — Before we can ob- 
tidn a good average result from the combustion of the fuel, it 
is necessary that the boiler should present about twelve square 
feet of effective heating surface per horse power ; for if less 
surface than this be given, a wasteful quantity of heat escapes 
up the chimney, from not having been absorbed by the water. 
What is termed " effective" heating surface, must be calcu- 
lated independently of the bottoms of flues and fire boxes, and 
of one fourth part of the whole tube surface. The grate bar 
surface should be at least eighty square inches per horse- 
power, and, where practicable, may be increased to one hun- 
dred square inches with much advantage. 

The temperature of the air at the bottom of the chimney is, 
to a certain extent, a test of the sufficiency of the heating sur- 
face ; but as this depends also upon the rapidity of the draught 
through the tubes or flues, as well as upon the degree of 
cleanness of the surfaces of the metal, it is not always a sure 
test. The degree of heat found at the bottom of the chimney 
appears to vary in different boilers from 400° to 700° Fahr. 

Areas of Flues and Tubes, — The area of the first flue, or 
the clear area through the tubes, should equal one- sixth of 
the grate bar surface led into them ; and the area of the flues 
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may be gradually diminished from the fires to the chitonej 
by one-fourth part. 

A Roomy Furnace desirable, — As a large furnace is found 
by experience greatly to facilitate the admixture of the gases, 
and to ensure their more perfect combustion, as well as to 
afford the most effective kind of heating surface, it is of great 
importance that there should be plenty of room over the fires. 

Combustion checked by the Carbonic Add, — The carbonic 
acid gas which results from the combustion of solid carbon, 
has a most injurious effect in checking combustion within the 
furnace, for we find by experiment that flame is barely sup- 
ported in a mixture of one part of this gas with four of. atmo- 
spheric air. Hence the necessity for admitting into the furnace 
at least twice the amount of air chemically required ; and even 
then, if we analyze the contents of the chimney, we shall find 
from one-fourth to one-half of the oxygen which entered the 
fire still free and imcombined, mixed up with the products of 
combustion. 

Supply of Air to the JFVre*.— The amount of air that is 
required to keep up combustion in steam-engine boilers is 
much greater than is usually supposed. For lib. of coal, 
of average quality, 150 cubic feet of air are required for exact 
chemical combination alone, and as this can never be perfect, 
from a variety of disturbing causes, a supply of about 300 
cubic feet is found in practice to be beneficial. If 8 lbs. of 
coal be consumed for one horse-power per hour, an engine of 
100-horse power will require a supply of 2400 cubic feet of air 
per hour, or 40 cubic feet per minute. Every facility there- 
fore, by means of hatchways, wind pipes and windsails, should 
be provided and carefully attended to for this large supply. 

Loss of Heat attending the Combustion of the Inflammable 
Gases. — Now, as the whole of the air thus supplied in excess 
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must be heated to a very high temperature before the com- 
bustion of the inflammable gases in the furnace can ensue^ 
much heat is thus unavoidably wasted, — so much, indeed, that 
it is now well ascertained that the eyaporative value of a bitu- 
minous coal producing a large quantity of gaseous matter is 
very little, if at all, superior to the evaporative value of the 
same coal after heing coked; the heat generated by the com- 
bustion of its volatile products proving, in practice, to be little 
more than that expended in volatilizing them, and in heating 
the surplus air required for their subsequent combustion. 

Formation of Carbonic Oxide. -^When a stinted supply of 
oxygen is furnished to the incandescent fuel on the bars, an 
imperfectly oxygenated carbonic acid gas, named ''carbonic 
oxide," is partly produced, accompanied by a corresponding 
loss in the heat generated during combustion. As this gas is 
inflammable, and that at a comparatively low temperature, it 
may be burnt in the furnace or flues, by the admission of a 
further supply of atmospheric air ; otherwise it escapes un- 
consumed up the chimney, where it may be often seen burning 
at the top, having caught fire upon coming into contact with 
the oxygen of the air. Although it may be beneficial to con- 
sume this carbonic oxide, when once formed, by admitting 
fresh air into the flues behind the bridge, it is certainly pre- 
ferable to prevent its formation altogether, by using a large 
grate surface, a thin fire, with plenty of air-space between the 
bars, and a roomy furnace. 

Smoke-burning Apparatus. — Notwithstanding all that has 
been done and written with reference to the so-called " smoke- 
burning" apparatus, it is the opinion of those most capable of 
forming a correct judgment on this subject, that by a proper 
construction of the furnace, and a skilful management of the 
fire, the smoke and gases may be as effectually, and certainly 
more safely, consumed by admitting the requisite quantity of 
air for this purpose at once through the grate bars. 
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Recapitulation, — It may be gathered from the preceding re- 
marks, that some of the most important requisites to ensure 
efficiency in a steam boiler are the following: — 1st. That the 
boiler should be designed with a sufficient amount of heating 
surface, so contrived that as Httle of it as possible may be ren- 
dered ineffective, either from the retention of steam in contact 
with it, from the formation of scale within, or from the depo- 
sition of soot and ashes in the bottoms of the flues and tubes. 
2nd. That the fire-bar surface should be sufficiently large to 
admit of the necessary quantity of coal being consumed with 
thin and open fires. 3rd. That the proper area be maintained 
through the flues or tubes, and that the passage to the chimney 
be such that the draft may not be interrupted. 4th. That the 
furnace should be room'y ; the bars thin, with plenty of air- 
space between them ; and that the fires should not be longer 
than can be conveniently stoked. And, 5th (which is, perhaps, 
the most important requisite of all, and the one most neglected). 
That experienced and careful fire-m^ be provided. 

Clothing Marine Boilers, found to be sometimes prejudicial. 
— Although it must be admitted that the practice of "clothing" 
marine boilers with non-conducting materials, such as hair-felt, 
wood, etc., is in all cases highly beneficial for the production of 
steam ; yet this is alleged to have induced, in some instances, 
a rapid wear in the plates of the boiler. This corrosion is 
most apparent in boilers which are frequently used and disused 
alternately, and takes place on the interior surface, attacking 
principally the top of the boiler and the steam chest. It is 
probably owing to the alternate wetting and drying of the 
plates, which causes the rust to scale off, and thus present a 
fresh surface for corrosion each time that the water is blown 
out of the boiler. In the case of an unclothed boiler, on the 
other hand, the internal surface is scarcely ever quita dry, from 
the evaporation being checked by the low temperature and the 
consequent saturation of the enclosed air. Marine boilers 
which are constantly in use, or which make long Voyages only, 
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do not experience this destructiYe corrosion of the steam chests 
to the same extent. 

Painting the Inside of the Boiler. — It is an excellent prac- 
tice to paint with red lead all the inside of the boiler which is 
exposed to steam, as a preventiye of corrosion. The tops of 
the boilers shoald always be carefully preserved by a covering 
of sheet-lead, or otherwise, from water dripping on them from 
the decks, else a rapid corrosion will take place there. 

Bedding Marine Boilers, — The manner of bedding boilers 
is a point of some importance, as it materially affects the 
duration of the bottom plates. The method formerly em- 
ployed was to lay them on a close platform of wood, with the 
view, chiefly, of preventing the bilge water (which in wooden 
ships is highly acid) from washing up to and corroding the 
plates. It was found, however, that if a leak occurred in the 
bottom of the boiler, the brine diffused itself for a large space 
between the bottom plates and the wooden platform, causing 
great corrosion. The usual practice now is to rest the boilers 
upon iron keelsons, the bottom being thus left comparatively 
open for examination and painting, and for small repairs if 
wanted. In this case, the bilges under the boilers must be 
kept quite clean and dry by the bilge pumps. 

Galvanic Action, — It is necessary, both in marine engines 
and boilers, to guard against the destructive effects of galvanic 
action, which ensue in all cases where two metals of different 
degrees of solubility (or possessing different degrees of affinity 
for oxygen) are placed in juxtaposition ; as, for instance, iron 
and brass, when the former metal suffers a rapid corrosion 
from being the more oxidizable of the two, while the brass is 
quite protected. 

Copper Boilers. — In cases where the frequent renewal of 
boilers is attended with great expense and inconvenience, they 
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are sometimes made of copper^ which lasts about four times as 
long as iron. Their first cost, however, is about five times 
greater for boilers of the same weight, and copper is only 
three-fifths of the strength of iron when cold, or less than half 
its strength at 500° Fahrenheit. Iron, on the contrary, in- 
creases in strength from 32° to 550°, when its strength is 
believed to be at a maximum. It is evident, however, that 
although a copper boiler is not so strong as a new iron one of 
the same weight, it retains its original strength unimpaired for 
a long time, whilst the iron boiler is every day becoming 
weaker by corrosion. An iron boiler, when new, has thus a 
great superabundance of strength, to allow for the wearing of 
the plates by use ; and it must on no account be forgotten, 
that a boiler which may show no symptoms of weakness on 
being first used under a pressure of 20 pounds on the square 
inch, may be very unfit to work at this pressure after a couple 
of years' service. As copper conducts heat more readily than 
iron, in the ratio of 2*4 : 1, a copper boiler does not require so 
much heating surface as an iron one. Also, after the copper 
boiler is worn out, the old material is still valuable, whereas 
the price obtained for the scrap iron is Httle more ihan what it 
costs to break up an old iron boiler. 

Staying Boilers, — It is usual to stay the flat portions of 
tubular boilers with rods from an inch to an inch and a lialf in 
diameter, from sixteen to eighteen inches apart each way, and 
flue boilers (which are not so well adapted to bear a high pres- 
sure of steam as tubular boilers) not quite so heavily. It must 
be borne in mind, that it is highly injurious to stay weak plates 
at long distances, however strong the stay rod may be, as the 
alternate distension and contraction of the plate between the I 
stays causes it to buckle round each stay every time that the 
pressure of steam is added or removed. This action in time 
wears a furrow round the fastening of the stay, by throwing ofiT 
the scale from the surface of the plate, and opening the fibre 
of the iron. 
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CHAPTER IV. 

THE MARINE BOILER: MANAGEMENT OF THE FIRES AND 
DRAUGHT. 

The skilful Management of the Machinery necessary for its 
Efficiency, — Having endeayoured to show in as few words as 
possible what the machinery of a steam vessel is^ we proceed 
to consider, in the next place, how it may best be used : for, 
notwithstanding all the talent and perfection of workmanship 
which may be displayed by the constructor, it still rests mainly 
with those to whose care it has been entrusted, whether this 
costly machinery shall give satisfaction or not. 

Economy of Steam is the main Question, — ^The economical 
working of an engine evidently depends upon the quantity of 
steam which is required to do a given quantity of work, so 
that the whole question resolves itself into this, how can we 
best save steam ? This question, again, naturally divides itself 
into two heads, which are really quite distinct, though too 
often associated together ; namely, the production of steam in 
the boiler, and its subsequent use in the engine ; and we shall 
therefore consider those separately. 

The Generation of Hedt in the Furnaces^ — ^The economy 
of a steam boiler is subdivided into the generation of heat 
by the combustion of the fuel in the furnace, and the sub- 
sequent absorption of this heat by the water, as has been 
already commented upon. As the latter is beyond the con- 
trol of those in charge of the machinery (except in keeping 
the surface of the flues and tubes as clean as possible), we 
shall not further advert to it, but will proceed to the manage- 
ment of the furnace. 
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Management of the Fires. — The management of the fires 
on board a steam vessel affects the question of economy in 
the consumption of coal to so great an extent, that the im- 
portance of skilful firemen cannot he too much insisted upon. 
It is a great mistake to suppose, as too many captains and 
owners of steam vessels do, that any able-bodied man who 
can throw coals on a fire is fit for a stoker : and under this 
false impression, sailors are frequently engaged, instead of 
regular firemen, "to stoke when required." The only cases 
in which this should be allowed are, perhaps, in auxiliary- 
screw vessels, and in such vessels as may be expected to make 
a considerable portion of their voyage under canvas ; but even 
in such cases there should always be one well-trained fireman 
for each watch, to have the charge of the other stokers. This 
man should be kept constantly at his post, and must not be 
liable to be called away while the vessel is under steam, except 
in cases of emergency ; and he should receive a higher rate of 
pay than the other stokers, if it were only for the purpose of 
giving him the necessary authority over them. 

Effects of Mismanagement.'-l!hxji^, many instances of 
steamers are to be found at the present day in which the 
same quantity of coal is regularly burnt per hour, whether 
the engines are going fast or slow; whether forty cylinders 
full of steam are used per minute, or only thirty. In such 
a case, one quarter of the fuel is thrown away through ig- 
norance of the despised art of stoking ; for the firemen may 
have either allowed the surplus st6am generated to blow off 
at the waste-steam pipe ; or they may have thrown open the 
fire doors, by which means the steam is only prevented from 
being generated by the rush of cold air which takes place 
through the flues, while the same quantity of coal is burnt 
as before. 

. Feeding the Furnaces. — Boilers of the proportions most 
usually adopted by constructing engineers are suited for the 
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combustion of from fifteen to eighteen pounds of coal upon 
each foot of grate surface per hour. In applying this fuel, it 
is found most advantageous to throw on at one time a supply 
to last for about twelve minutes, the furnace door being opened 
in about eight minutes after the fire has been fed, to see how 
the coal is burning; and if any part of the grate has burnt 
bare, a little coal must then be quickly and skilfully thrown 
over that place ; or should the coal appear to lie too thickly 
at any part, it must be levelled with the " rake.'* 

Clearing the Bars, — In the case of a very bituminous coal 
it is often found necessary to open or break up the fire at this 
time, owing to the tendency of such a coal to cake on the 
bars, and thus prevent the passage of air through them ; 
but this may be obviated to a certain extent by keeping the 
fires thinner with bituminous coal than would otherwise be 
desirable. 

Keeping the Fire Doors shut. — As it is of the utmost im- 
portance that the fire door should not be open longer than 
necessary, since the cold air which then rushes in acts most 
injuriously by absorbing heat from the flues, the experienced 
fireman will study to dress his fire, in the first instance, so as 
to demand as little interference as possible between the times 
for throwing on fresh fuel, or " firing-up," as it is termed. 

Levelling the Fuel. — The fires should be kept of a moderate 
and equal thickness throughout, and as the firemen are very 
apt to heap up coals at the far end of the bars, it is a good 
practice to make each set of men, before leaving their watch, 
lay the rake or pricker along the surface of each fire quite back 
to the end of the furnace, in order to find whether the thick- 
ness of the fuel is uniform or not. Should any of the fires 
then want dressing, the firemen under whose charge they are 
should be forced to remain until those fires have been brought 
to a regular and proper thickness. 

d2 
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Each Watch ^ to leave their Fires clean, — It is tlie general 
practice for each set of men on first beginning their watch to 
clean their fires and clear the bars of all clinkers or vitreous 
matter, according as each fire bums down for the first time 
after taking charge. By this means the men are made re- 
sponsible for the condition and efficiency of their own fires 
during their watch ; and before leaving, they should clear out 
the ashes from the ash pits, collect the cinders to be re-burnt, 
and throw the refuse overboard. 

Forcing the Fires is expensive of Fuel, — If it is found that 
the boilers do not generate the requisite supply of steam, it* 
will then be requisite to urge the fires to a greater extent by 
the frequent use of the "slice," which is inserted from under- 
neath between the bars, in such a maimer that the coal is 
raised and broken up, and a larger supply of air is permitted 
to pass through. It is evident, however, that in this case a 
considerable waste must ensue from the cinders falling through 
the bars into the ash pit before they are thoroughly consumed, 
and these cinders cannot now be again thrown on the fire, 
because it is necessary that the combustion should be as bright 
and active as possible, in order to *' keep the steam." 

The Cinders to be re-burnt when practicable, — Hence this 
valuable fuel is thrown overboard; but in well-constructed 
boilers of sufficient capacity for the easy supply of the en- 
gines, a considerable economy will result from carefully sepa- 
rating the cinders from the ash and re-burning them. When 
using Welsh or other coals that are easily broken, it becomes 
of special importance that the fires should be allowed to burn 
regularly, without being frequently broken up or disturbed, for 
as these coals contain a large proportion of small and dust, 
this would be entirely lost by falling through the bars were 
the fires much worked. When, on the contrary, this small 
coal is thrown over the fire and allowed to cake, it then be- 
comes available ; but as it deadens the fire when first thrown 



IT.] MANAGEMENT OF THE FIRES AND DRAUGHT. 53 

on, this cannot be done unless the boilers are large enough to 
generate a sufficient supply of steam with '*dead'' or slow- 
burning fires. 

Superior Economy of Large BoUere. — Hence arises a prin- 
cipal source of economy from the use of boilers of ample capa- 
city to generate the steam without the fires being unduly dis- 
turbed, and it is beUeved that on this ground alone can the 
alleged superiority of slow over rapid combustion be main- 
tained, in cases where the flue surface is supposed sufficient to 
absorb a fair proportion of heat generated. 

The Boiler Power is uswiUy euhdivided into Sections. — In 
lai^ steam vessels the boiler power is usually subdivided into 
two or four sections, each independent of the other, and capa- 
ble of being connected together or disconnected, at pleasure. 
In such vessels it frequently happens that the full steam power 
is not required, so that a fourth part, or even a half of the 
steam which the boilers are capable of generating, may be dis- 
pensed with. When this is the case it is the usual practice 
for the engineer to disuse either one or two of the boilers al- 
together, urging the remaining sections so as to make them 
generate the full quantity of steam of which they are capable. 

How to manoffe the Boilers when full Steam is not wanted. 
— It is now recommended, however, that instead of disusing 
entirely any one of the boilers, they should all be kept in use, 
the fuel being burnt slowly and equally upon the fires. By this 
means not only will the fuel be used more economically in the 
furnace, but an additional advantage will be derived from the 
flue or tube surface (in a marine boiler always more or less in- 
sufficient), which will now be enabled to absorb more of the 
heat generated. In like manner, where oue-half of the steam 
power is sufficient, one only of the four sections should be dis- 
used. This is considered preferable to using all the four in 
such a case, as it is difficult in practice to carry out the system 
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of slow combustion to its extreme limits ; because, when small 
quantities of coal are spread oyer the fires at long intervals be- 
tween, they are apt to burn into holes and admit the entrance 
of jets of cold air, which rob the flues of their heat. If, how- 
ever, the engineer in charge can surmount this difficulty, either 
by skill in managing the fires or by bricking over a portion 
of the grate surface in each fire (which is perhaps the best 
mode of proceeding), he might then continue to use all the 
four boilers with decided advantage. 

Lord DundonalcTs Experiments on Slow Combustion in Ma- 
rine Boilers, — The beneficial results which may be obtained 
from slow combustion, combined with large absorbing surface, 
in a marine boiler, have been clearly proved in a series of ex- 
periments conducted by Lord Dundonald, in H. M. dockyard, 
Chatham. The weight of water evaporated by one pound of 
coal in marine boilers of the usual proportions varies from 
eight to ten pounds, whereas in those constructed by Lord 
Dundonald for the Janw, 12*9 lbs. were evaporated. This 
high result was attributed by his Lordship to the more effec- 
tual burning of the coal by " slow combustion " combined with 
a peculiar arragnement of the flues and tubes constituting the 
absorbing surface of the boiler, which, it must be kept in 
mind, was nearly double the size usually allowed for the sup- 
ply of the same quantity of steam. 

In order to carry out this principle, therefore, in vessels 
constantly using their full power, the boilers would have to be 
made nearly double their present size, which in most cases is 
wholly impracticable, and is certainly not to be recommended. 

Experiments with a Tubular Boiler in Woolwich Dockyard. 
— To form a comparison with these results the furnaces of a 
common tubular boiler, such as are used in the Royal Navy, 
and which was at the time lying in Woolwich dockyard, were 
partially bricked up — the absorbing surface remaining the 
same as before. The result now obtained was quite equal to 
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that from the hollers of the Janus, although the rate of 
comhustion per square foot of grate-har surface was more rapid 
in the case of the Woolwich hoiler. It is evident, therefore, 
that this hoiler, when altered, was in precisely the condition 
into which marine hoilers not required to generate their full 
quantity of steam, may and should he brought by the en- 
gineer in charge, whenerer the occasion presents itself. In 
the above instance, a saving of about one-third of the fuel was 
thereby effected, although, as a necessary consequence, the 
quantity of steam which the boiler was capable of producing 
in a given time was diminished to nearly one-half. 

The experiments above referred to are of considerable value, 
as indicating the economy of slow combustion on the bars of 
a marine boiler (when this is practicable), as well as the re- 
lative effect on the evaporative power of the boiler produced 
by a progressive diminution of the grate-bar surface, as will be 
seen from the subjoined table (page 59). 

Dimensums and Description of the Experimental Boiler, — 
The boiler experimented upon was an eighty-horse tubular 
marine boiler of the ordinary construction, with horizontal 
tubes over the furnaces. Its extreme measurements were 9 ft. 
long by 8 ft. 6 in. wide, covering an area of 7^ sq. ft. in the 
vessel, or * 95 6 sq. ft. per horse power. It had three firesy 
each 8 ft. by 2 ft. 2 in., affording 93*6 sq. in. grate surface 
per horse. The total " effective " heating surface, after de- 
ducting one-third for the bottoms of tubes, was estimated at 
13 sq. ft. per horse-power. There were 176 iron tubes, each 
3 in. outside diameter, and 6 ft. long. The boiler was 12 iu 
2 in. high, and the furnaces 2 ft. 10 in. high. Capacity for 
steam was 167 cub. ft. Total space occupied by the boiler, 
761 cub. ft. Total evaporating surface in the boiler estimated 
at 1057 sq. ft. 

Dimension's of the Boilers of the Janus. — There were 
four boilers originally in the Janus, each measuring 12 ft. 
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2 in. by 8 ft. 4 in., and covering an area of 406|^ sq. ft. in the 
vessel, and three fires in each boiler, each 6 ft. by 2 ft. l^ in. 
The boilers are 14 ft. high to top of steam chests ; the total 
space occupied 4,738 cubic feet. The total evaporating sur- 
face, measuring the outside of the tubes, as in the Woolwich 
boiler, is 5137*4 sq. ft. The North-country and Welsh coals 
having been mixed in the stores at Chatham dockyard, where 
the trials were ordered to be made, it was necessary to select 
by hand lumps of Welsh coal for the trials ; and, to render 
the comparison fair, this was done in the latter trials of the 
Woolwich boiler also. From this cause the results in both 
cases are beyond the average. 

Regulation of the Draught, — Where it is not convenient 
to lessen the grate-bar surface by bricking up the bars at the 
further end, the same object may be effected, though certainly 
not so economically, by checking the draught. With this ob- 
ject in view, every boiler should be provided with damper 
doors upon the mouths of the ash pits, accurately fitted, 
and furnished with the means of regulating with nicety the 
amount of air entering beneath the bars, or, if necessary, of 
excluding it altogether. Dampers are besides fitted at the foot 
of the chimney, but these are not so completely under control, 
nor do they adnfiit of the draught of each fire being regulated 
separately. 

Air- valves for the admission of air above the fire bars are 
now sometimes fitted in the furnace doors, with the view of 
" burning the smoke," but with very doubtful success. It has 
been already shown how difficult a matter it is to consume the 
smoke economically after it has been once formed, the true 
principle being to prevent, as much as possible, the formation 
of smoke at all. 

In Prideaux's Patent Fumace-frontSy which are some- 
times fitted to marine boilers, the fire doors are made of 
movable strips, like Venetian blinds, which are opened by the 
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act of opening the door to throw on coals. They then close 
gradually (as the fire bums clear) by means of a self-regulating 
apparatus, consisting of a little cylinder containing water and 
fitted with a weighted piston which, in its descent, drives the 
water in the cylinder through a small orifice from the under to 
the upper side of the piston. The bars of the Venetian fronts, 
being attached to the piston-rod, are shut as the piston de- 
scends, which takes place in six or eight minutes after the 
furnace has been fed. They are objectionable at sea from 
being heavy and unmanageable when the ship is rolling, so 
that the doors are kept open too long during the operation of 
firing, and the furnaces consequently cooled. We have been 
assured by engineers who have tried them, that they require 
an additional fireman to attend upon them, and that there is 
no appreciable saving from their use. I can believe that on shore 
they may be found advantageous, although they are evidently 
too cumbrous and troublesome on board ship, where so many 
fire doors have to be opened in rapid succession. . Their ex- 
pense, also, must be considerable. 

Bankifig up the Fires. — Cases frequently occur in which 
it becomes an object to check the rapid formation of steam 
for a longer or shorter period, but at the same time to retain 
the power of getting up full steam and starting the engines 
again on the shortest notice. This is done by pushing the 
burning fuel back against the bridge, and covering it with 
wetted small coal and ashes, by which means the fires will be 
kept in a smouldering state, ready to be broken up and spread 
over the bars when the order is given to get up the steam. 
But as this process requires at least twenty minutes before the 
fires can be brought to their proper state of eflSciency, it is 
better, when such notice cannot be reckoned upon, merely to 
push back the fires and heap them up against the bridge, 
raking them forward again when required. 

To get the Steam up rapidly. — It is of great importance, 
when wishing to get up the steam rapidly, to take care that 

D 3 
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the fire bars are so covered by coal, that a current of cold air is 
not allowed to pass through the flues, mixing with the small 
quantity of smoke or products of combustion at first formed. 
Ererything should be done to facilitate, or, if possible, cause 
a draught of air into the ash pits. 

No Water to be thrown into the Ash Pit, ^It is a most re- 
prehensible custom amongst firemen, and one which should 
not on any account be permitted, to throw water upon the 
ashes in the ash pit. They should be drawn out, and the 
best of them, roughly separated by the shovel, be thrown 
again upon the fire, while the remainder should be drawn well 
away from the boiler and gradually quenched with a stream 
of water from a hose, so as not to fill the engine room with 
steam and dust, nor keep the front of the boilers constantly 
wet, so as to corrode and destroy them at this spot. 
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CHAPTER V. 

THE MARINE BOILER: MANAGEMENT OF THE WATER 
AND STEAM. 

Supply of Water to the Boilers, -^The keeping up a due 
supply of water in the boilers demands the utmost care and 
watchfulness on the part of the engineer, for should the iroa 
in any place be allowed to become red-hot from want of water, 
an explosion is almost inevitable. The immediate effect of 
the heat upon the unprotected plates is to warp and distort 
them, causing them either to separate at the joints by the 
giving way of the rivets, or to be torn asunder by the elasticity 
of the steam acting upon the distorted and softened surface. 
Explosions have also frequently taken place from water having 
been too suddenly admitted to the hot plates in the eagerness 
of the engineer to make up for his previous neglect, when 
steam is generated so rapidly that the safety valves are insuf- 
ficient for its escape. It is said that in such cases a portion 
of the water, becoming decomposed into its elements by con- 
tact with the red-hot iron, may form an explosive compound 
of oxygen and hydrogen gases, which, on ignition, causes the 
explosion. But whatever the theory, the fact itself is indis- 
putable that explosions do frequently occur in this way ; and 
should the engineer ever find himself in such a predicament he 
must instantly draw his fires, and then add water very sparingly 
and cautiously until the plates be again cool. 

27ie Water Level must not rise too A«^^.— Danger of an- 
other kind is to be apprehended if the water level is allowed 
to rise too high in the boilers, for the water may then boil 
over into the steam -pipe, or if the steam space be already 
somewhat contracted, it may increase the " priming" of the 
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boilers to a dangerous degree, for nothing is found to tend 
more to this most troublesome evil, than too limited steam 
room. 



Water Gauges. — To guard against such accidents as these, 
every boiler is fitted with two diflPerent sets of apparatus for 
indicating the water level, and thereby guiding the engineer 
in the admission of the feed. These are called the '' glass 
water-gauge/' and the '* water-gauge cocks." 

Glass Water Gauge. — The first apparatus consists of a 
glass tube about eighteen inches long, fitting into brass 
sockets at top and bottom, by which it 
is connected vertically to the front of 
the boiler, in such a position that when 
the boiler is filled to the proper height, 
the water level may coincide with the 
centre of the tube. This tube is fur- 
nished with three stop-cocks, one at r, 
leading from the top into the boiler 
above the water level, another at r from 
the bottom into the boiler belmo the 
water level, and the third at *, lead- 
from the tube itself into the stoke- 
hole through a small pipe. When a 
communication is opened therefore, at 
a a, between each end of the tube and 
boiler, the water, being subjected to the same pressure of 
steam as within the boiler, will stand in the tube at the same 
height, thus accurately showing the water level. As the 
tube, if left to itself, is apt to become choked with salt or 
deposit (especially if the water be dirty), the third cock is 
provided, and by occasionally opening this, the rush of steam 
and water through it clears away all obstructions. Should 
there be much ebullition at the part of the boiler where the 
gauge is fixed, the level of the water in the glass will be very 
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unsteady, and this must be remedied if possible by leading a 
small pipe from the top of the tube into the crown of the 
boiler, where the steam is drier, and at the same time sinking 
another small pipe from the bottom of the tube into some 
place where the water is less agitated. It i» also of import- 
ance that the gauge be fixed nearly in the centre of the front 
of the boiler, so as to be as little affected as possible by the 
rolling motion of the vessel. The last two remarks apply 
equally to the brass gauge cocks. 

Brass Gauge Cocks. — In case of accident to the glass water 
gauge three gauge cocks are fitted besides, one above the other, 
at six or eight inches, distance between, the middle one being 
placed at the average water level of the boiler. Upon open- 
ing these therefore, successively, steam ought to issue from 
the upper one, water and steam from the middle one, and 
water alone from the bottom cock, and any variation from this 
will clearly indicate that the water is either too high or too 
low in the boiler. These cocks should be frequently opened, 
as they are also liable to become choked up with salt or de- 
posit. As the surface of the water in the boiler is generally 
at a higher level than can be conveniently reached from the 
firing stage, the gauge cocks may be fixed at any convenient 
height to the front of the boiler, and pipes led up inside to the 
respective heights. 

Only One Feed Pump to be worked, — Although each of 
the feed pumps is made capable of supplying the full quantity 
of water required by the boilers, it is nevertheless the prac- 
tice in many steam vessels to keep both the pumps constantly 
at work, the surplus water which is rejected by the boilers 
being returned to the hot well, or thrown overboard. This 
practice, arising from an over-anxiety for an abundant sup- 
ply of feed water, is much to be deprecated^ as when the 
pumps are both kept working, a partial failure in either of 
them may escape detection until one meets with an accident. 
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and is rendered useless, when it is probably found that the 
other pump is also out of order, and is insufficient to do the 
Ml duty alone. In such a case recourse must be had to the 
supplementary pumps, which are always fitted for the pur- 
pose of feeding the boilers when the engines are not at work. 

Amount of the Brine abstracted, — We have already ad- 
verted to the necessity which exists for abstracting from the 
boiler a certain proportion of the super-salted water, in order 
to prevent the deposition of scale or salt upon the plates. The 
amount thus abstracted, or *' blown off," as it is technically 
called, varies with the quantity of the salt and other impurities 
contained in the water, but this may be stated to vary from about 
one-fourth part to one-half of the whole feed water admitted. 

Proportions of Salt in Sea Water from dij^erent Localities, 
— According to Dr. lire's experiment, the largest proportion 
of salt held in solution in the open sea is 38 parts in 1000 (by 
weight), and the smallest 32. In a specimen brought from 
the Bed Sea, 43 parts were founds the specific gravity of the 
water being 1*035. The Mediterranean contains about 38 
parts, the British Channel, 35*5 ; the Arctic Ocean, 28*5 ; the 
Black Sea about 21 ; and the Baltic only 6*6. 

Analysis of Deep Sea Water, — ^The same authority states 
that deep sea water, from the ocean, from whatever locality, 
holds nearly the same constituents in solution, containing, on 
an average, in 1000 parts, 

25 of Chloride of Sodium (common Salt), 
53 Sulphate of Magnesia. 
3*5 Chloride of Magnesium. 
0*2 Carbonates of Lime and Magnesia. 
0' 1 Sulphate of Lime. 

34-1; 
besides a little sulphate and muriate of potash, iodide of 
sodium, and bromide of magnesium. 
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Blowing off. — ^The operation of " blowing off" is performed 
either by baud, or by brine pnmps worked by the engine, the 
brine being in either case constantly and uniformly abstracted 
in a fixed proportion to the feed water. Brine pumps used to 
be generally preferred for this purpose, but it is now found 
that they are unnecessary complications. The usual practice, 
which appears to answer every purpose intended, is to blow off 
continuously, through a pipe and cock capable of nice adjust- 
ment by hand, a portion of brine regulated according to the 
degree of saltness of the water in the boiler, as ascertained by 
hourly trial with the salinometer. It is preferred to blow off 
mostly from the surface, the insoluble particles from which the 
scale is formed being ballooned up to the surface of the water 
on bubbles of steam, and kept dancing about there, until they 
find an opportunity of aggregating and falling to the bottom 
through the more quiescent portions of the water spaces. 
Hence, it is usual to fix a shallow pan of considerable size, 
called a scale pan, at six or eight inches below the sur- 
face of the water, into which these insoluble particles gra- 
dually settle, in consequence of the contained water being 
comparatively still — and it is from this 
"scale pan" that the surface blow-off 
pipe is led. The feed should naturally 
enter the boiler at a point as remote as 
possible from the blow-off. In addi- 
tion to this apparatus, another blow-off 
cock is always fitted on the bottom of 
the boiler, which should be used occa- 
sionally during the voyage, and which 
is required for blowing the water out of 
the boiler by the steam pressure when 
the fires are drawn. Where the blow- 
off passes through the ship's side, a 

KingstorCa valve, as shown in the mar- Kinffston's Valve, appUed 
gin, is invariably employed. a* Blmo-off Cock. 
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Brine Pumps were introduced by Messrs. Maudslay^ and 
improved by Seaward, who connected the valve for the exit of 
the brine with that for the admission of the feed, so that the 
two open and shut together; and as their areas are pro- 
portioned to each other in the proper ratio, no more brine 
escapes than is demanded by the evaporation of the boiler. 
The brine pipe is further fitted with a cock for its better regu- 
lation, or in case it may be wished to shut it off altogether, 
when using fresh water in the boilers. When the simple 
operation of blowing off is properly performed, the boilers may 
be kept almost perfectly free of scale at a trifling expenditure 
of fnel, certainly not exceeding 4 or 5 per cent, of the whole 
fuel burnt. For it is evident that the brine blown off has had 
its temperature raised by about 120° only (viz., from 100° 
temperature of the feed to 220° temperature of the brine), a 
considerate part of which heat is again given back to the feed 
during its passage through the " refrigerators," should such be 
fitted. 

The Refrigerator. — ^The hot brine, ejected at a temperature 
of perhaps 218°, is generally made to pass through a cylin- 
drical vessel called the ''refrigerator," containing a number of 
copper tubes, through which the feed water, at a temperature 
of about 100°, circulates on its way from the hot well to the 
boiler. A considerable portion of the heat of the brine being 
by this means transferred to the feed, is again returned to the 
boiler, and a proportionate saving in fuel is effected. 

Attempts made to Supersede Blowing off, — It has been 
attempted in various ways to modify the usual manner of 
blowing off, and with this end in view a chemical solvent has 
been added to the water of the boiler, which it is intended 
shall act upon its mineral impurities without injuriously affect- 
ing the iron plates. The utmost that can be done, however, by 
even the most successful of these schemes, is to prevent the 
formation of a hard crystalline scale ; the impurities being 
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now deposited in the shape of a loose powder, from a state of 
mechanical suspension in the water. This powder, then, must 
still equally be removed by partial blowing off, if we would 
preserve the water from loss of heat by imperfect conduction, 
or the plates from danger of being burnt. For, since pure 
water alone can leave the boiler in the form of steam, it follows 
that all the foreign constituents must remain behind, however 
they may be disguised by chemical combination ; and, unless 
this mineral solution be removed too, it must of necessity reach a 
Umit at which the bases will be deposited, the point of satura- 
tion being deferred in proportion to the solvent power of the 
solvent employed. It is also the case, as we shall presently see, 
that the greater the degree of saturation, the more heat is re- 
quired to bring the water to the boiling-point, and the hotter 
therefore is that portion of brine which must, under any cir- 
cumstances, be got rid of. There is also danger to be appre- 
hended from the chance of an improper or too powerful solvent 
being employed, which may act injuriously upon the materials 
of the boiler. This plan, therefore, has been totally disused. 

Salinometers. — Since the freedom of the boiler from scale or 
deposit depends, as we have seen, upon the greater or less de- 
gree of saturation of the water, it is an object of much import- 
ance to be able to test the saltness of the water with ease and 
certainty. This may be done in two ways, each of which the 
engineer should have the means of trying from time to time ; 
namely, by ascertaining the true boiling-point of the brine at 
the pressure of the atmosphere, and by finding its specific 
gravity at a given temperature — the strength of the solution 
maintaining a fixed and known relation to its boiUng-point 
and specific gravity. The instruments to be used are therefore 
the Thermometer and the Hydrometer. 

The Thermometer used as a Salinometer. — In using the 
thermometer for this purpose, an instrument must be selected 
in which the scale is graduated in large degrees, capable of 
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being subdivided into quarters, at least ; but the scale need 
not extend beyond twenty degrees above and below the boiling 
point of water. Such thermometers are in use for ascertain- 
ing the heights of mountains, by observing the temperature at 
which water boils at the top. This fact, of itself, plainly de- 
monstrates the dependence of the boiling-point of liquids upon 
the pressure, and it is therefore necessary always to take the 
pressure of the atmosphere into account. When we say that 
water boils at 212°, it is understood to mean when subjected 
to the uwal pressure of the atmosphere, indicated by a column 
of 30 inches of mercury in the weather barometer at the level 
of the sea. 

The following table shows the boiling-point and specific 
gravity of sea water (at 60° Fahr.) of different degrees of satu- 
ration, expressed in parts of salt contained therein, the baro- 
meter indicating 30 inches of mercury. 





Saltness. 


BoUs. 


Sp.gr. 


Pure Water 





212° 


1- 


Common Sea Water 


^ 


213-2° 


1-029 




A 


214-4 


1-058 




A 


215-5 


1087 


Up to this point no de- 








posit will be formed . 


A 


216-7 


1-116 




A 


217-9 


1-145 




A 


219-1 


1-174 




A 


220-3 


1-203 




A 


221-5 


1-232 




A 


222-7 


1-261 




i$ 


223-8 


1-290 




U 


2250 


1-319 




if 


226-1 


1-348 saturated solution. 



As a general rule, the atmospheric boiling-point of the water 
should never be allowed to exceed 216°. The temperature 
must be ascertained by drawing off a small quantity of the 
brine, and boiling it in a deep copper vessel in the engine room, 
a correction being made, if necessary, for the state of the 
barometer. 



68 



THE MARINE BOILERS 



[chap. 



The following Table shows the height of the boiling-point 
in Fahrenheit's scale at different heights of the barometer. 



Barometer. 


Boiling-point. 


Barometer. 


Boiling-point. 


27 inches. 


206-96° 


29i inches. 


211-20° 


27i 


207-84° 


30 


212° 


28 


208-69° 


30J 


212-79° 


28i 


209-55° 


31 


213-57^ 


29 


210-38° 







It will be seen that if we would preserve the water of the 
boiler at a degree of saturation indicated by -^ of salt, we 
must blow off one-half of the feed water ; if at -^, then one- 
third must be blown oiF; at -^, one- fourth, and so on. We 
have said that ^^ is the highest degree of saturation that 
should be permitted. The degree of saturation of the water 
should be tested at least once every hour. 

The Hydrometer used as a Salinometer, — The hydrometer 
employed for measuring the density of water, or other liquids, 
consists of a hollow ball of glass or metal from which there 
rises a tall stem graduated with degrees, and ballasted so as to 
swim upright, the graduated stem being more or less immersed 
in proportion to the density or specific gravity of the Hquid. 
The brine, therefore, increasing uniformly in density according 
to the salt it contains, may by this means be very convenientlj 
tested ; but as the densities of fluids vary also in proportion 
to their temperature, care must be taken that the portions of 
brine experimented upon have the particular temperature for 
which the scale of the salinometer has been calculated. 

Annexed is a table of specific gravities of sea water at 60° 
Fahrenheit, in various parts of the globe, as ascertained by 
Dr. Marcet. 





Sp.gr. 




Sp.gr. 


Arctic Ocean . . 


102664 


Sea of Marmora 


. 1-01915 


Northern Hemisphere 


1-02829 


Black Sea . 


., 101418 


Equator .... 


1-02777 


White Sea . 


. . 101901 


Southern Hemisphere 


102882 


Baltic . . 


. 101523 


Yellow Sea . . . 


1-02291 


Ice Sea waters 


. 100057 


Mediterranean . . 


1-02930 


Dead Sea . . 


. . 1-21100 
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The specific gravities corresponding to Tarious degrees of 
saturation of the sea water have heen abready given. 

Seawards Salinometer, — ^To ohviate the inconyenience of 
withdrawing the water from the hoiler, in order to test its spe- 
cific grayitj, Messrs. Seaward have invented a salinometer of 
which the following is the description. It consists of a strong 
glass tube of about three-quarters inch bore, and fourteen 
inches long, firmly fixed at each end in a brass frame, to which 
are attached four cocks, one at each end and two at the side. 
By the two latter cocks the instrument is attached to the 
front of the boiler, being fixed at such a height that the water 
line in the boiler may show its level in the glass tube. Now, 
upon opening the two cocks which are attached to the boiler, 
the water will rise up from the bottom of the boiler, by a pipe 
attached to the lower cock, to the same level as in the boiler. 
These cocks are then closed and the upper one opened, and 
two metallic or glass balls are dropped into the tube. The ball 
first dropped in has been graduated to swim when the water 
of the boiler is one degree salter and denser than the proper 
degree of saturation ; and the second ball to sink when the 
water has become one degree more diluted and lighter. 

The upper cock is then closed, and the two cocks communi- 
cating with the boiler remain open. It is evident, therefore, 
that when the water in the boiler is at the degree of saturation 
intended to be maintained, the lighter ball will float at the 
water level, and the heavier ball remain at the bottom ; and 
fiirther, that any change of density will alter the position of the 
balls, the lower ball rising as the water becomes more satura- 
ted, and the upper one sinking upon the water becoming more 
diluted. The upper and lower cocks are for the purpose of 
changing and cleaning the balls when required, the bore of 
each cock being equal to the diameter of the balls. 

Cases in which the Amount of Blow-off may he diminished. 
— In the case of a vessel going at half speed, when the full 
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quantity of steam is not evaporated, the quantity of water 
blown off may of course be proportionally diminished, un- 
less it be wished to take advantage of this circumstance and 
freshen the water in the boiler while it may be done without 
checking the power of the engines. For it is apparent, that 
the less water is blown off, so much less feed need be admitted 
to cool the boiler, and so much the more steam is generated. 
This renders it sometimes expedient, under critical circum- 
stances, to stop the supply of feed altogether for awhile, in 
order to ensure an abundant supply of steam to the engines, 
and it is the duty of an intelligent engineer to provide for 
such emergencies, if possible, by having a good supply of 
water in the boilers beforehand. In making ''trials of speed" 
of steamers, this is a usual jockeying trick. 

In case the Blow-off Cock sets fast. — ^|In the case of the 
blow-off cocks or any of the apparatus on board for with- 
drawing the brine from the boilers becoming choked or getting 
out of order, water must either be let out of the boiler by 
some means into the bilges, or it may sometimes happen that 
one of the systems of feed-pipes may be made available to 
allow the escape of water into the sea. A usual plan is to 
knock out a rivet from the bottom of the boiler. 

Safety Valve, — The area of the safety valve should ob- 
viously be proportioned to the evaporative power of the boiler; 
but it is usually made in the proportion of half a square inch 
to each horse-power of the engines, which in the generality 
of cases is ample enough. Some manufacturers, however, do 
not allow more than a quarter of a square inch per horse- 
power, which can hardly be considered sufficient. It is loaded 
by the manufacturer to the extent best suited to the strength 
of his machinery, and this permanent load should not be aug- 
mented without his express sanction. The steam power of 
the vessel being subdivided amongst two or more boilers, each 
separate boiler (in the case of merchant steamers) is obhged 
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by law to have its own safety yalye, which must be locked up 
beyond the control of the engineers or of any one on board, 
except the master, who keeps the key ; but as an additional 
source of safety, and as a satisfaction to the engineers of the 
yessel, it is strongly recommended that a second, or open, 
safety valve be fitted in addition. 

A properly constructed safety valve is not liable to get out 
of order, although, if suffered to lie long in contact with its 
seat without being raised, it will sometimes stick so fast as to 
defy all ordinary means of moving it. It should therefore be 
frequently tested by the engineer, to see that it moves freely. 

With this view, and also as a ready means of relieving the 
pressure of steam when the vessel is lying to, a series of 
levers and jointed rods lead from the firing stage to the bottom 
of the valve spindle; being so contrived that the engineer 
may push the valve up off its seat, but at the same time offer- 
iDg no obstruction to the free rising of the valve by the steam 
pressure. It more frequently happens that the valve fits its 
seat so badly as to allow of the escape of steam. This should 
be guarded against by making the valve itself as solid and stiff 
as possible, and fixing the seating in a strong cast-iron valve 
box, which will not spring by the pressure of steam upon it. 

In ease the Safety Valve sticks fast, — Should it happen 
that the safety valve of any one boiler becomes inoperative, 
the surplus steam wUl still have a free passage through the 
stop valve into the adjoining boiler, whose valve, it may be 
presumed, is in good order ; but should this means of escape 
either not exist or prove inadequate to relieve the pressure, 
then the blow-through valves of the engines must instantly 
be opened, so that the steam may find an exit through the 
valve casing and condenser. The fire doors should at the 
same time be thrown open and the ash pit dampers closed, to 
check the fires as much as possible, before they are quenched 
with water, and drawn. The first indication of an excessive 
pressure is usually given by the mercury being blown out of 
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the mercurial steam gauge, where such is fitted, this acting to 
the hest of its capacity as a safety valve also. 

Steam Gauge, — The steam gauge usually fitted to marine 
boilers is a bent iron tube, hke a siphon-tube reversed, at- 
tached vertically to the front of the boiler, one of the orifices 
opening into the steam chest, and the other open to the ex- 
ternal air. The tube is partially filled with mercury, which 
of course stands at an equal le^el in both legs of the gauge, 
so long as there is no pressure of steam in the boiler. But as 
the pressure upon the surface of the mercury in the two legs 
becomes unequal, it is forced down the one leg and up the 
other, until the equilibrium is restored. Hence, a depression 
of one inch .of mercury in the leg communicating with the 
boiler is followed by a corresponding rise of one inch in the 
other leg, but the difference of level between the surfaces of 
the mercury in the two legs is manifestly two inches. Thus, 
a rise of one inch indicates an additional pressure of one 
pound in the boiler, and not half a pound, as might at first 
sight be supposed. On the surface of the mercury, in the 
open end of the tube, there floats a light rod of wood, and 
this rising or falling with the level of the mercury, indicates 
the pressure upon a fixed scale of inches or pounds. 

In addition to the mercurial gauge (which should always be 
fitted, as being the least liable of any to get out of order, and 
from its giving an alarm in case of the mercury being blown out 
by undue pressure) a spring pressure-gauge is usually added to 
each boiler, especially where tolerably high steam is used. 

Vacuum, or Reverse Valve, — In addition to the safety valve, 
each boiler should be provided with a vacuum valve (of small 
dimensions), to prevent the possibility of the boiler collapsing, 
when the pressure of steam inside falls below the pressure of 
the atmosphere. This is frequently experienced in boilers 
whose supply of steam is insufficient for the engines, (as it 
is apparent that the latter may continue to work with a nega- 
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live pressure in the boilers, provided there be a good vacuum 
in the condensers,) and it may happen to any boiler, by a sea 
breaking over the decks and suddenly condensing the steam. 
The action of this valve is sufficiently obvious, as it is only a 
reversed safety valve, slightly loaded ; and the only attention 
it requires is, to try it occasionally, and see that the spindle 
moves freely. 

Stop valves are usually placed on the mouth of the steam 
pipes, where they issue from the boiler, but occasionally at 
other points between the boilers and the engines, or upon the 
steam pipes connecting the boilers with each other. They 
are so arranged that each boiler may be quickly disconnected 
from the others in case of accident at sea, or when it is wished 
to discontinue its use, either for executing small repairs or 
for saving steam. The stop valves should always be placed 
exterior to the safety valves, so as not to interpose any ob- 
struction between them and the steam in the boiler, this im- 
portant provision forming the substance of a bye-law made 
by the hoard of Trade. They are made either self-acting, 
so as to open by the pressure of steam from within the boiler, 
and shut by external pressure, or else to open and shut by a 
screw worked by hand. 
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CHAPTER VI. 

ON EXPLOSIONS OF STEAM BOILERS. 

The causes which induce steam-hoiler explosions are still en- 
veloped in much mystery. The usual presumption in such 
cases is, either that the safety valve has not acted, and that 
the hoiler has burst simply from excess of pressure ; or that 
the water has been allowed to get too low, and that the plates, 
becoming red-hot by the action of the flame upbn them, have 
suddenly generated such a rush of steam upon the re-admis- 
sion of the feed, as to cause a rupture of the weakened plates, 
in consequence of the safety valve not having sufficient area to 
give vent to the steam. The idea that the steam itself is de- 
composed on coming into contact with the red-hot plates, is 
scarcely tenable, as the resulting hydrogen gas, even if formed, 
could not possibly explode without the presence of oxygen ; 
which gas, at the moment of decomposition of the steam or 
water, must have combined with the hot iron, otherwise the 
hydrogen would not have been liberated. Explosions most 
frequently occur at the instant of opening or shutting a 
safety valve or communication valve, which seems to show 
that so long as the steam remains undisturbed within the 
boiler, it will sustain a very high pressure with impimity, but 
the moment that a wave or pulsation is carried through it, 
the previously existing equilibrium of forces is destroyed, and 
a rupture takes place at some one point. In the case of the 
flues having become red-hot for want of water, the steam 
would also have become super-heated from contact vnth 
the hot plates, and we can easily conceive that the sudden 
addition to it of a large quantity of common or saturated 
steam, holding much water in mechanical suspension, would 
increase the pressure with explosive rapidity. The very act 
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of suddenly opening a safety valve or stop valve, would cause 
the water to boil up violently against the hot plates, and to 
mingle with the super- heated steam, thus greatly increasing 
the danger. In the event, therefore, of the discovery being 
made that any part of the flues has become over-beated from 
want of water, the engineer is admonished neither to open the 
safety valve nor admit the feed^ but instantly to open all the 
fire doors, close the dampers, and draw the fires, after which 
the safety valve may be cautiously reheved, and the feed ad- 
mitted by a Httle at a time, until the hot surfaces are all 
covered. 

When the water spaces of two boilers are connected either 
by the feed pipes or by a connecting pipe, care should be taken 
that a little extra pressure on the one boiler does not force 
the water out of it into the adjoining boiler. When the usual 
glass water-gauges are fixed in a part of the boiler much ex- 
posed to ebullition, or when the water in the boiler gets very 
dirty, they are not to be depended upon for a correct indica- 
tion of the water level, and in all cases the water will show a 
httle higher within the gauge when the engines are in motion, 
than when they are at rest. 

The place where a boiler frequently gives way is the top 
of the furnace, or over the bridge, owing probably to the 
plates there getting over-heated from imperfect contact with 
the water. It is now generally believed that wherever water 
is in forced contact with a plate intensely heated, there is a 
tendency for the water to be repelled from the hot surface, 
and to a certain extent to acquire the globular form which we 
have all observed when water is poured on very hot iron. 
This repulsive action is also plainly seen when a lump of red- 
hot iron is plunged into a vessel of water, no hissing sound 
being at first produced, and comparatively little steam evolved, 
until the iron cools to a certain temperature. This tempera- 
ture is stated to be about 350^ Fahr., and it is worthy of re- 
mark that so soon as the globules of water cool down to this 
temperature, they immediately flash into steam. Now, sup- 

■e2 
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posing this action to be going on inside a boiler, and feed 
water to be suddenly injected^ so as to lower the temperature 
to 350°, an immense accession of steam would be the imme- 
diate result. It is very desirable therefore (on many ai^unts) 
to prevent the flame and heat from being unduly concenti^ted 
at any particular place, and to have plenty of water (eight or 
ten inches at least) over the parts which are necessarily hot- 
test. A roomy fireplace, with plenty of space over the bars, 
will be found to diffuse the heat much mora equally than a 
contracted one. Care must be taken also that the steam has 
free and rapid vent from every part of the heating surface, 
and that the water spaces are so constructed as to be easily 
accessible for cleaning or scaling, nothing being so Hkely 
to cause overheating of the plates as a hard deposit adhering 
to them. Plenty of steam room is also a safeguard to a 
boiler, as this tends to diffuse and neutralize the dangerous 
oscillations produced in the steam by suddenly opening or 
shutting a safety valve or communication pipe to the engines. 

The immense rush of steam which alwa3rs follows an ex- 
plosion, and to which, along with the scalding water, any 
loss of life which may ensue from the explosion is generally 
owing, is satisfactorily explained when we consider that the in- 
stant the water contained in the boiler is relieved from pressure, 
it throws off steam with great rapidity, and continues to do so 
until the whole mass of water is reduced to the atmospheric 
condition of 212° Fidir. To make matters worse, the steam 
chests of at least two boilers are usually in communication. 

Fusible metal plugs, formed of an alloy whose melting 
point represents a steam pressure which may be considered 
dangerous for the particular boiler, are required by law in 
France to be inserted in the shell of the boiler, the intention 
being that they should melt when the pressure gets too high, 
and draw the engineer's attention to the fact by allowing the 
steam to rush into the engine room. It is found however in 
practice that they cannot always be relied upon, since in the 
first place they are liable to become incrusted with scale, like 
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any other part of the boiler, which prevents their melting at 
the proper temperature ; and in the second place, because the 
long-continued action of a high temperature upon an alloy of 
this kind (the chemical affinity between whose constituent 
parts is very weak), causes the more fusible portion to ooze 
out from the mass, and the less fusible to remain behind, so 
that when the danger arriyes, the plug will not melt. The 
ordinary mercurial steam gauge is a much more reliable ap- 
pliance for giving warning of a too high pressure, and should 
be fitted to all marine boilers. In boilers' using very high 
pressures, the mercurial gauge becomes inconvenient from the 
great length of tube required, every fifteen pounds' pressure 
requiring to be balanced by a column of thirty inches of 
mercury. 

We beheve one of the most effectual preventives of ex- 
plosions to consist in the extra safety valve recommended by 
the Board of Trade to be placed upon each boiler, one of the 
valves being locked, and the key kept by the captain, and the 
other left open, under the surveillance of the engineer. As 
our manufacturing engineers are generally of opinion that it is 
not desirable to have the only safety valve of a boiler placed 
beyond the reach of the engineer of the ship, it is to be hoped 
that they will see the expediency of fitting the extra valve^ 
which is but a small addition to the original cost of the boiler, 
and is certainly an additional safeguard. The common conical 
valve, fitted in a strong cast-iron valve chest, appears to be 
the best that can be employed. It is also strongly recommended 
that no stop valve of any description should be interposed 
between the steam of the boiler and the safety valve. 

Explosion on board the Parana. — It is highly probable that 
the lamentable accident on board the Parana was caused by 
an impulse or percussion of steam acting upon a weakly-stayed 
boiler, since it is now ascertained that at the instant of the 
explosion a stop valve was closed, through which a large 
flow of steam was rushing at a high velocity into another 
boiler. The Parana has four boilers, two before and two 
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abaft the engine room, and on this occasion they had all 
been in use for an experimental purpose, and the steam was 
observed to blow off freely from a safety valve on each boiler 
(no more being fitted), at twelve pounds' pressure. The ex- 
periments having been concluded, the engineer made his ar- 
rangements for blowing out the water into the sea, through 
the blow off cocks, by the pressure of steam in the boilers. 
The fires of one of the starboard boilers having been pre- 
viously drawn, the steam had fallen so low in it, that there 
was not sufiicient pressure to expel the water, which was 
mostly below the sea level. As there was plenty of steam in 
the other starboard boiler, however, the engineer, naturally 
enough, applied the steana of the one boiler to blow the water 
out of the other, the steam chests of the two boilers communi- 
cating by means of a long straight pipe, about twelve inches 
diameter, which stretched between them for the whole length 
of the engine room. The steam was therefore rushing through 
this long pipe with great force, its velocity probably increased 
by the condensation which must have been taking place vnthin 
the cool boiler, when its impetus was suddenly checked by the 
closing of the stop valve attached to the empty boiler. This, 
if done instantaneously, as it probably was, would inflict a 
sharp blow upon the valve, and a corresponding recoil through 
the pipe to the interior of the other boiler, the shock of the 
recoil being carried straight through the steam in the steam 
chest, and taking effect upon the plates of the boiler imme- 
diately opposite the mouth of the communication pipe, — and it 
was just at that place that the Parana^ 8 boiler actually ex- 
ploded. Such an effect would be instantaneous, and beyond 
relief by a safety valve, unless one happened to be located 
near the place where the boiler was struck, which, in the 
Parana's boiler, did not happen to be the case. What is 
called the "percussive" force of steam has long been known 
to engineers, and deserves to be guarded against more than it 
is, in the fitting of stop valves and safety valves of boilers, 
which may easily be so arranged as to be incapable of opening 
or shutting too suddenly. 
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CHAPTER VIL 

MANAGEMENT OF THE ENGINES. 



Engine Room Signals. — 

Engine* Going, 
One Bell, Stand by eng;ines. 
Two Bells^ Ease her. 
Three Bella, Stop her. 



Enghtet Stopped, 
One Bell, Go ahead. 
Two Bella, Go astern. 
Three Bells, Stop her. 



The Bearings require Attention, — In the management of the 
engines, the points to be most attended to are the following. 
The bearings of all the working parts must be constantly 
watched, and regularly lubricated with oil or melted tallow. 
If the brasses are screwed or driven up too tight, the bearing 
will heat ; if^ on the other hand, they be too slack, a jar is pro- 
duced at every revolution, destructive, if not positively dan- 
gerous, to the engine. As the brasses wear by the friction, 
therefore, they must be driven up to a moderate tightness by 
the cutters. As these are apt to work loose unless properly 
secured, it is now the practice to make the main cutters with a 
screw and nut at the point, to prevent this. When any of the 
main bearings heat, they must be slackened and bathed with 
melted tallow and sulphur ; or, if the heating has proceeded 
to a great extent, a stream of cold water from the hose of the 
hand pump should be directed upon them. The bearings 
most liable to heat are those of the crank pin and crank shaft ; 
but care must be taken, whilst cooling the latter, that the cold 
water does not crack the cast-iron plummer blocks. To avoid 
this, it must be thrown on very cautiously at first. The larger 
the surface of the bearing is in proportion to the friction to 
which it is subjected, the more easily it is kept cool and in 
good order, and the less oil is consumed in lubricating it. 
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To test the Tightness of the Engine before starting. — ^The 
following method of ascertaining the tightness of the different 
parts of the engine subjected to steam pressure is recom- 
mended to be used in every case after the engine has been 
fresh packed^ or has been out of use for some time. After 
getting up steam, and while the vessel is still at her moorings, 
blow through, and then, after obtaining a partial vacuum in 
the condenser by the admission of a Httle water, watch the 
barometer, to see how long the engine holds her vacuum. If 
the condenser gradually becomes hot while the cylinder ports 
remain closed, we know that steam is passing the packing of 
the valves ; or, if the valves are made without packing, the 
steam must be passing their faces. The tightness of the faces 
of D and other valves may be tested by shutting both ports to 
steam, and opening the cocks for taking indicator diagrams 
above and below the piston, the grease cocks, or any others 
communicating with the cylinder. If no steam passes through 
these cocks when the throttle valve is full open, the valve faces 
are then, of course, tight. The tightness of the piston may 
be proved in the same way, by admitting steam above or below 
it, and opening the indicator cock on the opposite side. The 
injection cock may be slightly opened for an instant, to with- 
draw any steam that may have tjoUected on the opposite side 
of the piston, so that the passage of any steam may be the 
more readily perceived. The tightness of most parts of the 
engine may be tested in this way without moving it beyond 
half a stroke. 

To discover a Leakage of Air into the Engines, — The en- 
gineer must watch strictly for leaks of air into the engines, 
by which the vacuum may be vitiated ; as well as for every 
leakage of steam into the engine room. If the engine draws 
air on the ** steam side," this may be discovered before it is set 
to work during the process of blowing through, when a jet of 
steam will be seen to escape ; but if the leakage be suspected 
after the engines are at work, the engineer must endeavour to 
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discover it, either by the whistling sound of the rush of air, or, 
taking a lighted candle in his hand, pass the flame along all 
the joints till he finds it sucked in by the yacuum. Leakage 
in a horizontal joint may be readily discovered by laying water 
along it. An air leak may also be discovered by closing the 
snifdng valve and the discharge valve at the ship's side, and 
filling the engines with steam. When the leak is found out, it 
must be stopped temporarily by driving in spun-yam or gasket, 
steeped in red lead and oil, or other means. 

A Cure of Leahy Condensers. — If the leakage be into the 
condenser, it is sometimes convenient to allow water to be 
injected through the orifice, by which means httle harm is 
done. In several cases where, during a long voyage, the bot- 
tom of the condenser has become leaky by corrosion (often in- 
duced by galvanic action with the copper bolts of the ship's 
bottom, as well as the brass foot valve, etc.), a water-tight 
tank has been constructed at sea between the side keelsons. 
By this means the condenser and air pump are placed in a 
kind of well, constantly replenished with cold water from the 
sea, which, forcing its way through the leaks by the pressure 
of the atmosphere, shares with the proper injection water the 
duty of condensing the steam-^the injection cook orifice being 
partially closed in proportion to the extent of leakage through 
the bottom. 

Infection to he diminished when the Ship labours much, — 
When the vessel is labouring in a heavy sea, it is recommended 
that the supply of injection water should be diminished ; for 
in such a case, where the speed of the engines is subject to 
great and constant fluctuations, depending upon the greater or 
Jess submersion of the \Vheels or screw propeller, the con- 
denser is liable to become choked with water, thereby causing 
the engines to stop. The effect of working the engines with a 
stinted supply of condensing water is, of course, that the con- 
densers will become hot, and the vacuum will be diminished ; 

e3 
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but this is a minor evil in comparison with endangering the 
machinery by subjecting it to too severe a strain. 

When the Injection Cock leaks. — Care must be taken, "vrhen 
the engines make a temporary stoppage, that the injection 
cock, or air pump, does not leak, and allow the condenser to 
fill with water, which causes much trouble and delay in start- 
ing the engines again; so, should this be apprehended, the 
sea cock must also be closed at the same time with the in- 
jection cock. It is also advisable to blow through at short 
intervals* to keep the condenser free of water, and admit a 
little injection water to keep up a vacuum, so aa to be able to 
start upon the shortest notice. 

Advantage to be derived from the Bilge Injection Pipes, — 
It is calculated that an engine requires about one ton of con- 
densing water per horse-power, per hour ; and it is apparent 
that the abstraction of this large body of water from the bilge, 
in case of the vessel springing a leak, constitutes a very valuable 
property in the machinery, and one which has ere now saved 
many steamers from foundering. It is essential, however, 
that the orifice of the bilge injection pipe be most care- 
fully guarded against the entrance of chips of wood or oakum, 
which, by getting into the condenser, may gag the valves of 
the air pump, etc., and stop the engines. The bilge injection 
pipe should have no rose upon the orifice opening into the 
condenser, as such is liable to become choked; but the 
water should be spread by striking against a flat surface, or 
otherwise. 

Injecting through the Snifting Valves, — ^Where no bilge 
injection has been fitted, a considerable body of water may be, 
admitted into the condenser through the snifting v^ves, in 
case of a leak in the vessel. Should there be no means pro- 
vided for lifting them, by stopping the injection and then 
blowing through, they will rise from the pressure of steam in 
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the condenser^ when they must be prevented from closing 
again ; or^ should they be inaccessible, the cover of the foot 
Talve, or the man-hole door of the condenser (if the water 
rise above it), should be slackened, to allow the water to 
enter. 

To make Steam-tight Joints. — The usual mode of making 
air- or steam-tight joints between two surfaces, is to interpose 
hemp packing, or gasket, soaked in red or white lead and lin- 
seed oil, the joints being made when the steam is down, and 
screwed well up when the engine gets hot. If the joints have 
been accurately chipped and filed, then sheet lead, thick paper, 
wire gauze, etc., are usually employed, well smeared on both 
sides with red lead ; or, if the joint has been planed and made 
perfectly true, then a Uttle thin red lead is all that is necessary 
between the surfaces, to make them steam-tight. Cement joints 
are now almost wholly discarded from marine engines, and 
should never be^made when there is a chance of the surfaces 
requiring to be again separated. 

Sow to act in case of Accident to the Engines, ^—The various 
accidents to which steam engines are liable are so numerous, 
that any directions to meet particular cases are likely to be 
fruitless. Any engineer who expects a list of remedies for 
every evil that may occur, whether it be to smother a leak in a 
pipe with a stoker's fearnought dress, and lap it with spun yarn, 
or to fish an intermediate shaft, must be disappointed. He 
must rely on his own judgment when a flaw has shown itself 
or a fracture taken place, and consider carefully the direction 
of the strain, and take steps to provide for this ; and also to 
guard against further injury if the weak part should give way. 
Wood and wrought iron are the materials with which all repairs 
at sea must be effected, and care should therefore be taken to 
have efficient means for adapting them to use when required. 
No hesitation must be felt regarding the unseemliness of a 
massive piece of timber to strengthen the frame of an engine ; 
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and the principle of the expansion K)f wrought-iron straps or 
holts hy heat, so as to eifectually tighten them, must not he 
forgotten. A clear perception of the principles of trussing, of 
leverage, and of the resolution of forces, is most important ; 
and it is hy such knowledge that a good and thorough 
mechanic will show his superiority in difficulties over the 
mere engine driver. 

Test Cocks, — Small cocks should always he fitted to the top 
and hottom of the cylinders for clearing them of any water. 
They are generally constructed with a hall or reverse valve at 
their mouth, so as to allow of their heing kept open without 
the entrance of air, when there is a vacuum on the side of the 
piston with which they communicate, which would injure the 
action of the engines. 

Grease Cocks. — The grease cocks, for luhricating the pis- 
tons, must, of course, he opened only duriag the ascent of 
the piston, when the vacuum will suck in the melted tallow ; 
otherwise it would he forced out hy the pressure of steam. 
Those grease eocks on the shdes, where there is a constant 
pressure of steam opposed to them, may generally he made to 
act hy one man suddenly closing the throttle valve of the en- 
gine which it is wished to luhricate, while another opens the 
grease cock at the same instant ; the throttle valve heing re- 
opened, and the whole operation performed as quickly as pos- 
sihle, so as not to stop the speed of the engine more than is 
absolutely necessary. 

Turning the Engines hy Hand, — One of the principal duties 
of the engineer, whilst in harhour, is regularly to move the 
engines round hy hand through a portion of a revolution, in 
order to change the relative positions of all the touching sur- 
faces. It is found, that when the iron piston-rod, for example, 
remains for even a day or two in contact with the brass gland, 
a slight, though perceptible, furrow is eaten in the rod by the 
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oxidation of the metal, induced by the galvanic action which 
results from the contact of the brass and the iron. 

Galvanic Action. — ^The same destructive effect is produced 
in all the other parts of the machinery where copper or brass 
remains in contact with iron ; but this proceeds more rapidly 
when sea- water or moisture of any kind is present, and accord- 
ing as the temperature is greater. In the case of paddle en- 
gines, the wheels present a convenient leverage for moving the 
engines by hand ; but, with screw steamers, much difficulty 
is sometimes experienced in effecting this, and it has generally 
been found requisite to fit some mechanical contrivance for the 
purpose. 

Essentitd to have square Regulating Lines marked on Ma- 
rine Engines. — As spirit-levels and plumb-rules cannot be used 
on board ship, everything must be done by straight edges and 
squares. £very engineer, therefore, on taking charge of a pair 
of engines, on their coming out of the hands of the manufac- 
turing engineers, should see that centre lines are scored well 
into the framing, at a sufficient number of parts, to facilitate 
any future examinations as to whether the engines have altered 
their position in any way, as well as to facilitate his putting the 
engines very correctly, when so required, at half stroke, and 
many other operations. Athwartship lines should certainly be 
scored in on the cylinder flanges, across the centres of the two 
cylinders, and on the base plates in beam engines, under the 
centre of the crank shafts. A fore and aft line in the centre 
line of each engine should also be scored in along as much of 
the base plate as possible. It is also usual in well-constructed 
engines to have four horizontal points in an athwartship line 
on the framing, dressed off so that four points in a true line 
on the face of a straight edge may he upon the whole of them, 
and thus prove at any time whether the engines have fallen in 
towards each other, or fallen away towards the sides of the 
vessel. 
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To adjust the Paddle Shaft, — If the eye of the crank of the 
paddle shaft be perceived to bear hard upon the connecting rod 
brasses at one part of its revolution, and to separate from them 
at another part, the engineer may know that the centre of the 
paddle shaft is out of line with the centre of the intermediate 
shaft. To rectify this defect, place the engines on the top 
stroke, and measure the distance accurately between the faces 
of the two cranks at the side of the crank pin, then put the 
engines on the bottom stroke, and measure the distance at the 
same place. If the distance at the bottom be less, the outer 
end of the paddle shaft must be too low, and require to be 
raised. Subtract the one distance from the other, and take 
one-half of the remainder, and say, as the length of the crank 
is to the length of the paddle shaft, from the face of the crank 
to the centre of the outer bearing, so is this half-remainder to 
the amount that the outer bearing requires to be raised. Other 
examinations as to whether the crank and paddle shafts are 
true to each other, in other respects, can be made in a similar 
manner. 

To replace the Levers on the Valve Shaft, if carried away. — 
The length of the valve lever is the distance from the centre 
of the valve shaft to the centre line of the valve spindle, with 
the addition of half of the versed sine of the arc through which 
it vibrates. The length of the gab lever must bear such pro- 
portion to the length of the valve lever that the traverse given 
to it by the eccentric shall produce the requisite amount of 
motion in the valves. The throw of the eccentric, multiplied 
by the length of the valve levor, must always be equal to the 
travel of the valves, multiplied by the length of the gab lever. 

To fix the Gab Lever on the Fahe Shaft. — ^The valve lever 
or levers being fixed upon the shaft, it must then be put in 
place on the engine, and turned round till the centre hue of 
the valve lever is at right angles with the centre line of the 
valve spindle. The shaft being fixed in this position, the gab 
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lever is now to be put upon it in such a position that its centre 
line will be at right angles to a line stretched from the centre 
of the intermediate shaft to the centre of the gab pin on the 
end of the lever. 

To find the Length of the Eccentric Rod, if carried away, — 
Place the valve shafts with the valve lever at right angles to 
the centre liae of the valve spindle, and then measure the dis- 
tance from the centre of the intermediate shaft to the centre 
of the pin of the gab lever^ and this is the length from the 
centre of the ring of the eccentric rod to the centre of the gab 
at the other end of it. 

To replace the Stops on the Intermediate Shaft for driving 
the Eccentric. — The eccentric rod being out of gear, place the 
engine right at top stroke, and place the valves in the position in 
which they ought then to be, that is, with the requisite amount 
of lead open to the steam. Now move the eccentric, which is 
loose upon the shaft, in the direction in which it would revolve 
if the engine was going ahead, until the eccentric rod drops 
into gear ; the position of the stop for going ahead may now 
be marked upon the shaft, to meet the face of the stop upon 
the eceentrie block. The gab of the eccentric rod being taken 
out of gear again without the engines or the valves having 
been moved, the eccentric block is now to be turned back, in 
the direction in which it would be revolving if the engines were 
going astern, and the eccentric rod will again drop into gear as 
it comes round, and this, in the same manner, gives the posi- 
tion of the stop upon the shaft for going astern. 

Essential to know the Position of the Steam Vahes from 
External Marks. — The valve rod being generally so fitted that 
its length can be varied. with facility, for the sake of adjust- 
ment, it is essential that there should be a ready means of 
testing the correctness of its length at any time. This can 
only be done by a mark upon the rod, above the gland of the 
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yalve bonnet or cover, this mark being made when the valve 
is at its mid- stroke, at a certain known distance above a mark 
on the flange of the valve casing or some other fixed portion 
of the engine framing. These marks are generally made by 
a centre punch well struck in ; and a record of the required 
distance is made by another mark on the valve casing or fram- 
ing, at the required distance. If the valve be placed at mid- 
stroke, the valve lever may now be connected with it, the only 
care requisite being, that the centre line of the valve lever shall 
be at right angles to the centre line of the valve rod, when 
the valve is in this position. If any doubt is entertained of 
the correctness with which the parts in question have been 
originally constructed, due examination of the steam ports 
and valve faces must be made, and the length of the valve 
rod and the marks tested. It is sometimes convenient to 
have a mark made on the framing, or some other ready means, 
by which it may be known when the valve lever is at right 
angles, as stated. 
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CHAPTER Vm. 

t78B OF THE EXPANSION VALVE, INDICATOR, AND 
DYNAMOMETER. 

Principle of Expansion. — If steam be supplied to the 
cylinder of an engine at a uniform density during the whole 
length of the stroke, the resistance being at the same time 
uniform, the piston will move with a continually increasing 
velocity, until its momentum is suddenly and entirely de- 
stroyed, upon commencing the next change of direction, thus 
causing a destructive jar to the parts of the machine. To 
obviate this, therefore, the steam is ** cut off" before the end 
of the stroke, which is then completed under a diminished 
pressure. By this means the piston comes gently to rest at 
the top and bottom of the cylinder ; but this is neither the 
only nor the chief advantage which results from cutting off 
the steam, since it is found that the force <ictuaUy exertid 
upon the piston by the isolated steamy during its expansion 
into the increased volume as the piston descends in the cylinder ^ 
is considerably greater than that due to the simple pressure of 
the same weight of steam acting at a uniform density. 

To render this intelligible, let us suppose a cylinder of one 
square foot area, and twenty inches long, to which steam at 
about the atmospheric pressure has been supplied during half 
the stroke. We may then suppose the pressure on the piston 
to equal one ton at the moment the steam valve is closed, the 
space under the piston being open to the condenser. As the 
piston descends further, the steam above it will become dif- 
fused through an increased volume, and will consequently 
acquire a diminished pressure. We may assume that this 
diminution of pressure follows the law of elastic fluids in 
genera], and that it decreases in the same proportion as the 
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Tolume of steam is augmented. While the piston, therefore, 
mores downwards from the centre of the cylinder (at ten 
inches), it will be urged by a continually decreasing force, 
until it arrives, we will suppose, at fifteen inches, when the 
space occupied by the steam will be increased in the propor- 
tion of two to three. The pressure on the piston will also be 
diminished in the inverse ratio of three to two ; and will now 
equal two-thirds of a ton, at fifteen inches from the top. In 
like manner, when the piston arrives at the bottom, the space 
occupied by the steam will be double that which it occupied 
at half-stroke, and the pressure will be diminished one-half — 
being now, consequently, half a ton. By calculating in this 
way the pressure on the piston at the termination of each inch 
of the space through which the steam has been expanding, 
we find the pressure at the 11th inch expressed by \^ of a 
ton; at the 12th inch jf of a ton; and so on to the 20th 
inch, where the pressure is -|^, or half a ton. 

Now, if the pressure of the steam through each of these 
ten divisions be supposed to continue uniform, and, instead of 
diminishing gradually, to suffer a sudden change in passing 
from one division ta the other, the mechanical effect will be 
obtained simply by taking the average of the ten pressures. 
Thus, it has been supposed, in the present case, that the 
pressure on the piston at the beginning of the first division 
is 2240 lbs. ; and to obtain the pressures corresponding to 
each of the other divisions, it will only be necessary to mul- 
tiply 2240 by 10, and divide successively by 11, 12, 13, etc. 
The pressures in pounds, at each inch below the half-stroke, 
will then be as follows, viz. : — 



At end of Ist inch 2036*3 lbs. 
2nd ,, 1866-6 
.3rd „ 17231 
4th „ 1600-0 
5th „ 1493*3 



At end of 6th inch 14000 lbs. 

7th „ 1317*6 

8th „ 1244*4 

9th „ 11790 

10th ,, 11200 



Benefit of Expansion. — If the mean be now taken by adding 
these numbers together and dividing by 10, it will be found 
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to be 1498 lbs» as the mean pressure of steam during the 
expanding half of the stroke^ which is nearly three-fourths of 
the mechanical effect produced by the full steam during the 
first half of the stroke. In this calculation we have assumed, 
for the sake of simplicity, that the pressure is uniform through- 
out each of the teo divisions : which of course it is not, owing 
to the expansive action which takes place within each division; 
so, the more accurate calculation (which is a complicated one) 
makes the average pressure for the expanding half of the 
stroke equal to about 1545 lbs. It is evident that this prin- 
ciple is equally applicable at whatever part of the stroke the 
steam be cut off, a higher mechanical effect being obtained 
from a given wdight of steam in proportion to the extent to 
which the expansive working is carried, and in proportion to 
the original density of the steam. Thus, in the Cornish en- 
gines, it is, found to be most advantageous to use steam of 
from 30 to 40 lbs. pressure, and to cut it off in the cylinder 
at one-sixth, or even one-eighth part of the stroke, the re- 
maining seven-eighths being performed wholly by expansion. 
The limit to this principle is imposed, in practice, by the 
increased size required for the cyhnder,. and the inequality in 
the speed of the piston during the stroke. 

It is found, by calculation, that if the steam be cut off at 
half-stroke, its mechanical effect is multiplied by I '7 nearly; 
if at one-third, by 2*1 ; if at one-fourth, 2*4 nearly; etc. 

The following rule will be found useful for calculating 
approximately the mean pressure of steam on the piston 
during the stroke, while working expansively. 

Rule. — Divide the length of stroke by the distance the 
piston moves before the steam is cut off, and the quotient 
will express the relative expansion it undergoes. Take from 
the annexed table the multiplier corresponding to this num- 
ber, and multiply it by the full pressure of steam per square 
inch on entering the cylinder. The product will be the mean 
pressure per square inch, nearly. 
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TABLE OF MULTIPLIERS. 
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The Indicator. — In practice, a much simpler and more ac- 
curate method is employed for finding the power exerted with- 
in the cylinder of a steam engine, namely, by the use of the 
indicator. 

The Indicator, its Construction and Principles. — This little 
instrument, which ought to be familiar to every one entrusted 
with the care of machinery, consists of a small cyhnder placed 
in connection with the cylinder of the engine, either above or 
below the piston. This cylinder is open at top, and is fitted 
with a piston which presses against a spiral spring. The cock 
which connects the indicator with the cylinder of the engine 
being opened, steam is admitted under the piston of the in- 
dicator during the one stroke, and vacuum during the other, 
precisely as in the large cyUnders ; thus causing the httle pis- 
ton to piish or pull alternately against the spiral spring. If 
the pressure were uniform throughout the stroke, the indicator 
piston would start at once from the top to the bottom, and 
vice versd, remaining stationary until acted upon by the oppo- 
site pressure. In such a case, the pressure exerted would be 
simply proportional to the flexure of the spiral spring, and 
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might be measured accordingly ; but as we have seen that the 
pressure on the piston is continually varying during each 
stroke, it follows that the pressure on the spring must also be 
a Tariable pressure, corresponding to the movements of the in- 
dicator piston, either up or down. Now, if a pencil be fixed 
to the piston rod of the instrument, it will register the fluctua- 
tions of pressure upon a piece of paper held close to it ; but, 
unless some provision be made for allowing the pencil a clear 
space on the paper at each successive instant of time, it will 
only mpve up and down in the same vertical Hne, and the 
markings due to fluctuation of pressure will be undistinguish- 
able. To obviate this, the paper receives a circular motion in 
one direction during the down stroke of the piston, and a re- 
versed motion during the return stroke, the result being that, 
as the pencil moves vertically up and down, a continuous 
curved line is traced upon the paper. By this line an oblong space 
is enclosed, called indifferently the Indicator Figure, Card, or 
Diagram, the vertical ordinates of which will then represent 
the effective pressure at the corresponding portions of the 
stroke, and whose area will represent the whole pressure ex- 
erted during the stroke. 

Before the instrument is connected with the steam cylinder, 
the roller, with the paper attached, is set in motion, and the 
pencil then describes a straight line (called the neutral or at- 
mospheric line), which represents the pressure of the atmo- 
sphere, the space enclosed above this line being the measure 
of the pressure above the atmospheric pressure, and below this 
line measuring the pressure below the atmosphere. If the 
jimction between the indicator and the cyhnder be now formed 
while steam is entering the cylinder, the indicator piston will 
evidently rise ; and if steam be escaping from the cylinder, it 
will fall, — the extent of the rise and fall depending upon the 
strength of the spiral spring. The alternating circular mo- 
tion of the roller is given by connecting it with any recipro- 
cating part of the engine, by means of a cord attached to a 
pulley fixed on the same axis with the paper-roller. This 
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cord gi^es motion in one direction only, the return morement 
being communicated by a coiled spring attached to the in- 
strument. 

Scale, — The scale of the indicator in general use is divided 
into tenths of an inch, each division representing one ponnd 
pressure on the square inch of the piston. When the instru- 
ment is not in use, the index stands at ; but when communi- 
cation is opened with the engine, the pressure of steam is ex- 
hibited above zero, and the vacuum below. 

How to U8e the Indicator.* — To use the indicator, its cock 
must be made to fit the grease cock of the cylinder cover, or 
any other fitted for the purpose in a convenient place at the 
top or bottom of the cylinder, or both. The line may then be 
attached to the radius bar of the parallel motion at six or 
seven inches from the joint, and connected by a running loop 
to the hook on the small line at the bottom of the instrument. 
By means of the running loop, the line must be lengthened or 
shortened, till it is of the proper length to allow the roller to tra- 
verse as far as it can without coming into contact with the stop 
or the springs. This is easily effected by shifting the line upon 
the radius bar ; and when the proper length has been found, 
the running loop may be fixed permanently, to be ready for 
future trials. Having stretched the paper upon the roller, and 
fastened it by means of the clasp, a sharp-pointed pencil is 
put into the socket, and allowed to press hghtly (by means of 
a little spring) upon the surface of the paper. When all is 
ready, the instrument is first made to work a few strokes with 
the cock shut, in order* to form the " atmospheric line," afler 
which, the cock is opened when the piston is at the top of the 
stroke, and the registration proceeds as described. 

How to make the Calculation, — When the figure is made, 

* See p. 288, Marine Engines, new edition of Tredgold on the Steam 
Engine. 
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the pressure of the steam is calculated by drawing anj number 
of lines across it at right angles to the atmospheric line, and 
taking their mean length, as measured on the scale attached to 
the instrument. In practice, it is usual to divide the figure 
into ten spaces by equidistant ordinates, measure each of 
those spaces in the middle, find their sum, and cut off a deci- 
mal figure for the division by 10, the result being the average 
force of the steam in pounds on the square inch. To find the 
power that the engine is actually exerting, therefore, we have 
only to take the area of the cylinder in square inches, multiply 
by the average pressure as found above, and again by the 
number of feet which the piston travels in a minute, when the 
product, divided by 33,000, is the indicator or gross horse- 
power of the engine. 

To find the Nominal Horse Power of an Engine. — ^The horse 
power of an engine, as found in this way (which is the most 
accurate method with which engineers are acquainted), must 
not be confounded with what is called the Nominal or Com- 
mercial Horse Power. The latter is obtained by the follow- 
ing formula, viz. : — 

Area of cylinder x effective pressure x speed of piston _ „ _ 
__ . . 

The area of the cylinder must be taken in square inches, the 
" effective pressure " assumed at 7 or 7i lbs. per square inch 
of piston, and the speed is to be reckoned in the number of 
feet through which the piston travels, or ia expected to travel, 
per minute. The divisor is 33,000 lbs. as before ; this weight, 
when raised one foot high in a minute, being the standard of a 
commercial horse's power adopted by James Watt, and subse- 
quently retained for convenience sake. In tendering for en- 
gines for the Government service, the ** effective pressure" is 
assumed at seven pounds only, and the speed of the piston is 
presumed to vary with the length of stroke, according to the 
foUowing table : — 
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stroke. 


Speed of piston. 


Stroke. 


Speed of piston. 


Ft. In. 


Ft. per min. 


Ft. In. 


Ft. per min. 


4 


196 


6 6 


226 


4 6 


204 


7 


231 


5 


210 


7 6 


236 


5 6 


216 


8 


240 


6 


228 







We may observe, that on the Thames the effective pressure is 
usually taken at 7 lbs., and on the Clyde at 7i lbs., which 
tends to make the nominal horse-powet of the Glasgow and 
Greenock engines of somewhat less commercial value than 
those built in London. 



Distinction between Nominal and Real Horse-Power. — It 
will be seen that the horse power thus calculated is irrespec- 
tive either of the actual pressure of the steam used, of the per- 
fection of the vacuum in the condenser, or the amount of fric- 
tion arising from good or bad workmanship ; hence this rule, 
however useful in comparing the size of different engines, is a 
very imperfect guide to their actual power. We have thus 
two distinct values of horse power, which no one conversant 
with the steam engine ever confounds; the one, fixed and 
nominal, by which engines are bought and sold ; the other 
fluctuating, though real, as shown by the indicator. To dis- 
cover, however, the eff'ectine power, or the power actually 
available for the purpose for which the engine is used, a deduc- 
tion would require to be made for friction of the moving parts 
and for the power required to work the pumps and valves, but 
as this would be nearly alike for well- constructed engines of 
equal power, and no ready means exists of testing it, the total 
or indicator horse power is taken as the measure of the power 
in all ordinary cases. 

TJse of the Indicator for showing the Internal State of the 
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Enffine, — ^The indicator, moreover, tells us not merely the 
power exerted by the engine, but the nature of the faults 
(where those occur) by which the power is impaired. Thus, 
one form of the indicator figure, or " diagram," may show 
that the cylinder ports are too small, or that there is condensa- 
tion in the steam pipes ; another, that the engine is drawing 
air ; or a third may i^ow that the yalves are improperly set. Let 
us take, for example, the accompanying imaginary diagram : — 




When the pencil is at the point marked a, the piston is at 

p 
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the commencement of its stroke, and the paper being made to 
move, the line is traced from a to 6, and thence to c, at which 
point the stroke in one direction is finished. At the point h 
the valve is being shut, to prevent the further admission of 
steam ; and while the line from 5 to c is being traced, the 
steam is expanding, and its pressure consequently decreasing, 
as indicated by the falling of the line. The Ime from 6 to c, 
instead of being convex, should be concave, as in the doable 
diagrams, page 102 ; and it is thus discovered that the slide is 
in bad order, from steam being admitted after it is shut. If 
the engine had been working expansively, and the valve been 
shut before the pencil had reached the point 6, the steam 
would have begun to expand at that point, and the line have 
begun to fall, so as to indicate the degree of expansion in the 
most precise and definite manner. On the pencil approaching 
the point c, the valve is opened to the condenser, the steam 
escapes, is condensed, the pressure falls, and the pencil de- 
scends towards d. The action as here indicated is not very 
good, as the comer should be more nearly square. The piston 
now commences its return stroke, and the paper is made to 
move simultaneously also in the opposite direction, and the 
line towards e is traced. It is here seen to rise again towards 
the atmospheric line, thus indicating that there is some pres- 
sure increasing in the cylinder. From the form of the diagram 
at this point, it is gathered that the vapour remaining enclosed 
in the cylinder, after the communication with the condenser 
has been closed, is compressed, and exerts a pressure against 
the piston to an injurious extent. As the pencil approaches 
/, the valve is opened for the admission of steam, and the 
pencil rises towards a, ready again to trace another diagram of 
what takes place on one side of the piston during another stroke. 

To compare the Efficiency of different Engines by means of 
the Indicator, — The following method has been successfully 
adopted in comparing the relative economy of performance of 
diiferent steam engines by means of their indicator diagrams. 
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First, calculate the gross indicator horse-power of the en- 
^e in the usual way, as already described. Then draw on the 
diagram a pure yacuum line at 15 lbs. below the atmospheric 
line ; and if« as is generally the case, the eduction begins before 
the end of the stroke, continue upon the diagram the sloping 
line of the expansion as if it had been uniform to the end of 
the stroke, as represented, for instance, at a, a. Fig. p. 102.* 
The pressure of steam thus found at the end of the stroke 
(being the pressure above a pure vacuum) may be called the 
" Terminal " pressure. 

Now find the cubic contents of the cylinder in feet, by 
multiplying the area into the length of stroke, and adding the 
*^ clearance " of piston at top or bottom, and the steam space 
in one port between the yalve-face and the inside of the cylin- 
der. The contents of the cylinder at the terminal pressure 
must now be reduced into the corresponding number of cubic 
feet of steam at the atmospheric pressure. This is easily done 
by reference to the table of relative volumes of steam pressure 
given in the Appendix. If our cylinder, for example, have 185 
feet of cubic contents, and the terminal pressure be 8 lbs. above 
a vacuum, we must employ the following proportion : — 

2983 (vol. corresponding to 8 lbs. pressure) : 185 :: 1669 
(vol. corresponding to steam at atmospheric pressure) : 103*5 
cub. ft. of steam at atmospheric pressure. 

This amount being multiplied by the number of cylinders 
filled with steam in one minute, and the product being divided 
by the gross indicator horse-power as previously calculated 
from the diagram, we thus obtain the number of cubic feet of 

* There is in general no difficulty in continuing this line with certainty, 
but if there be a doubt as to where the eduction begins, take the diagram 
at any definite point, say at nine-tenths of the stroke (after the valve has 
been certainly closed to all further admission of steam), and complete the 
figure by calculating, from the pressure of steam at this point, what would 
be its pressure if expanded into the increased space at the end of the 
stroke. This will be readily done by consulting the table of relative vo- 
lumes of steam to pressure, given in the end of the book. 

F 2 
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atmospheric steam required by this engine to produce one 
horse-power. It must not be forgotten that the cyUnder of 
each engine is filled twice with steam for each revolution of 
the crank shaft. 

The same simple process being gone through with the other 
engines under trial, or with the same engine under different 
circumstances of speed or expansion, affords a tolerably accu- 
rate method of comparing, in a general way, their relative 
efficiency. 

Example of Calculation, — ^The following is the calculation 
made from the diagrams of Penelope, 650 nominal horse-power 
(Figs. p. 102). 

The Diameter of cylinder is 9 If in. 

Area of ditto 6593-5 sq. in. =45-8 sq. ft. 

Length of stroke 6 ft. 8 in., or with clearance, 6*75 ft. 
No. of strokes per minute, 14. 

Gross indicator horse-power for both engines, as per 
diagrams, 1333 H.-P. 

Then, 45*8 area of cyl. in feetx 6'75 ft. length of stroke= 
309-150 cub. ft. + 3-85 cub. ft. for steam space of port=313 
cub. ft. of steam required to fill the cylinder once, or 313 x 14 
=4382 cub. ft. of steam used above or below each piston in 
each cylinder during one minute. 

Taking now from the diagrams the four terminal pressures 
corresponding to the top and bottom of each cylinder, we 
have, — 

4382 cub. ft. at 12 lbs. press. » 3567 cub. ft. at atmospheric press. 
Do. „ 13 „ „ =3841 do. „ 

Do. „ 15 „ „ =4382 do. „ „ 

Do. y, 15 „ „ =4382 do. 



16172 cubic feet of steam at atmo- 
spheric pressure used per minute by the two engines, or 16172+1333 
gross indicator horse-power =12-13 cubic feet of atmospheric steam per 
horse-power per minute. 
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Difference of Effect between throttling the Steam and cut- 
ting it off by the Expansion Valve, — An experimeDt made in 
this manner to determine the diflFerence of effect between 
expanding the steam in the cylinder by a proper system of 
expansion, and merely shutting it off by the throttle yalve 
when it is wished to work the engines to a low power, gave 
the following result : — An engine of the nominal power of 400 
horses was selected, and was first worked on the lowest grade 
of expansion, the steam in the boiler having its full pressure of 
8 lbs. Under these circumstances, it was found that 10*87 
cubic feet of steam at atmospheric pressure were consumed per 
horse-power per minute. 

The expansion valves were then thrown out of gear, and the 
engines reduced by the throttle valve to exactly the same 
number of revolutions. It was now found that although the 
gross horse-power, as shown by the indicator, was almost 
identical in both cases, in the latter case the power exerted 
was obtained at an expenditure of 14*72 cubic feet of atmo- 
spheric steam per minute, in place of 10*87 cubic feet, as 
formerly ; 3*85 cubic feet of steam per indicated horse-power 
per minute being thus saved by the principle of expansion. 

It is apparent that this calculation will not give us the cause 
of any loss of effect by the steam escaping, or being con- 
densed in the pipes, etc., which must be sought for when sus- 
pected, either in the form of the indicator diagram, or by 
testing the engine for leakage of steam or air. 

Dynamometer. — ^A Dynamometer is an instrument by 
which it is attempted to measure the force actually exerted in 
propelling a vessel. An excellent one, designed by Mr. Col- 
ladon of Geneva, has been erected in Woolwich Dockyard, 
by which the pull of any vessel made fast to it can be accu- 
rately measured. An instrument of this kind, but subject 
to many disturbing influences, can be fitted on board screw 
steamers, to show the thrust of the propeller shaft through a 
series of levers on a spring balance. The lever is sometimes 
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INDICATOR DIAGRAM FROM PENELOPE'S ENGINES. 

FULL STEAM, 14 REVOLUTIONS, 650 NOMINAL H.-P. 




St«bo«d Cyl. Top 6-92 1 ^^ „.,g 

Pnrt'c,! Tl!;}f-35( ( Me«I 1792 



6593-5 X 186-2 x 1 792 
33,000 



=666-6x2 = 1333 H.-P. 
exerted by both engines. 
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made to take the pressure from the end of the shaft ; at other 
times, from a revolying frame with a numher of friction rollers 
in it, which works against a collar on the shaft at any part 
that may he most conyenient. The lever or levers should 
have knife-edge centres, so as to work with as little friction as 
possible ; and the rod connecting the lever with the spring 
balance has a small sliding rod attached to it, carrying a pencil. 
By the side of this rod is a small cylinder, round which a piece 
of paper is coiled, as, in the indicator. This cylinder receives 
a continuous rotatory motion by means of a small band from 
the screw shaft, the motion being so regulated that the speed 
of the cylinder (round which the paper is coiled) may he con* 
siderably less than that of the screw shaft. The pencil is now 
brought into contact with the paper on the cyHnder, and a 
zero line traced before the pressure of the shaft is allowed to 
act upon the lever. The pencil should now be disengaged 
from the paper, and the connecting rod of the lever screwed 
up until it is ascertained that the whole forward pressure of 
the shaft acts upon the lever, and that the shaft is quite clear 
of every other part of the machinery which might receive a 
portion of the pressure. Upon the pencil being again brought 
into contact with the paper, an undulating line is described 
upon it, showing the variable thrust of the engines upon the 
propeller during the period of each revolution. After the 
diagram is traced, the paper is taken off, and equidistant lines 
drawn at right angles to the zero line, the lengths of these 
ordinates ftom the curve to the zero line, measured upon the 
scale of pounds of the spring balance, giving the action of the 
lever upon the balance at these places. The numbers being 
then marked upon the diagram, their sum taken, and divided 
by the number of ordinates for a mean, we shall have the 
force exerted on the lever, which, being multiplied by the 
leverage, will give the average forward pressure exerted by the 
propeller shaft upon the vessel. If it be only a single lever 
that is used for the dynamometer, the leverage is of course found 
by dividing the length ftom the fulcrum to the point where 
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the rod of the spring balance is attached, by the length be- 
tween the fulcrum and the point which receives the pres- 
sure of the shaft ; but if it is a compound lever that is used, 
multiply together all the long arms of the levers, and divide 
the product by the product of all the short arms (measuring 
the length from the fulcrum of each lever), and the quo- 
tient is the leverage. When the forward pull or pressure 
in pounds has been found, the number of horses* power may 
be calculated for paddle-wheel vessels attached to Mr. Col- 
ladon's machine, by multiplying the velocity of the centre of 
effort of the paddle-board in feet per minute, by the total 
pull in pounds, and dividing the product by 83,000. The 
centre of effort of a paddle-board may be taken at one-third 
of its depth from the outer edge. In screw vessels, the speed 
of the screw must be taken for the velocity. Experiments 
with this instrument, when worked out in this way, have gene- 
rally shown the effective to be about one-half the gross indi- 
cator horse-power. 

Counter, — The Counter is an instrument so contrived by 
the aid of wheelwork that an index hand is moved forward a 
certain distance for every stroke of the engine, thus register- 
ing or "counting" the number of strokes an engine makes 
during a day, a month, or any given period. The construc- 
tion of the counter varies much ; in most cases, however, the 
wheels are moved round by a pendulum attached to some 
vibrating part of the engine, the wheel being carried forward 
one tooth for every vibration, and an extreme slowness being 
obtained by a differential motion. In many steamers, as for 
instance in those of the Royal Mail Company, the number of 
strokes of the engines, as shown on the dial- plate of the 
counter, is used as a means of verifying the rate of the vessel 
as obtained in the usual way by log and solar observations, the 
progression of the wheels or screw, minus the slip, giving the 
rate of the ship, and a deduction being made for the currents 
when these are known. 
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INDICATOR DIAGRAM OF ATRATO, JANUARY 22ni>, 1857, 
Taken from itarhoard engine, abope thepiiton. 

Pressure of steam in the boilers, 16 lbs. 

Amount of expansion, second.grade. 

Vacuum in the condensers, 25| inches. 

Revolutions per minute, 14 '2. 

Consumption of Risca Black yein coal, 78 cwt. per hour. 

Wind before the beam, with confused sea. 

JAMES WILKIE, Chief Engineer. 




Average, 12*4 lbs. | 9 lbs. Average. 
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INDICATOR DU6RAM FROM FORWARD ENGINE OF 
THE PERA. 

Z2\ BETOLUTIONS FEB MIKUTX, 1130 INDIC. H.-P. 



•«qiI933 - Z8-II 

■m — i 



tz-oi 




12 04 



9 • 63 = 21-67 lbs. Top. 

22-61 lbs. Bottom. 
Mean 2214 lbs. 
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steam.'' " Also, the increased effect of the comhined steam was 
25 percent, aboyethatobtainedfrom the surchargedsteam alone.'' 

The second set of American experiments were made with 
the steamboat Joseph Johnsouy in the Hudson Biver at New 
York. This is a towing vessel with one engine, the cylinder 
being 31^ in. diameter and 6 ft. 9 in. stroke, the steam being 
cut off at five-eighths of the stroke from the commencement. 
It had a single iron boiler *^ with the furnace and direct flues 
below, and single return ascending flues above. A st^am 
chimney surrounded the smoke chimney, and the average tem- 
perature of the latter was 600° Fahr." 

*^ The steam was surcharged by taking it froip the steam 
chimney inside the smoke chimney, leading it down the latter, 
then through the upper flues, then returning through the 
lower direct flues, whence it was led to the supply-pipe, and 
there mixed with saturated (common) steam brought by a pipe, 
externally to the boiler, from the same steam chimney." 

Summary of the results obtained from the experiments with 
the Joseph Johnson, made January 5th and 9th : — 



Experiments made 
January 5th and 9th. 


With 

Common Steam 

alone; 


With 

Combined 

Steam. 


Duration of the experiments, in 
hours and minutes 

Steam pressure in boiler, in lbs. per 
square inch ....... 

Vacuum in condenser in inches of 
mercury 

Mean temperature of metal of cy- 
linder 


9 h. 53 m. 

19-5 lbs. 

27-5 m. 

23MO 
125.0° 


9 h. 50 m. 

18-5 lbs. 

27-8 in. 

289-2** 
147-6^ 
5771'' 
350-7'' 

11,904 

20176 

440*82 lbs. 


Temperature of the exhaust . . 

Temperature of surcharged steam . 

Temperature of combined steam . 

Total number of double strokes of 
piston made during the experi- 
ments 






11,447 

19-303 

666-66 lbs. 


Number of double strokes of piston 
per minute 

Pounds of anthracite coal con- 
sumed per hour 
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** Whence it appears, taking into account the number of 
strokes made and the fuel consumed, that the economical effi- 
ciency of the combined steam is 72*694 per cent, greater than 
that of the common steam alone.'' 

Other experiments were then subsequently made with the 
same Tessel, in order to judge of the economy of the system, 
when the revolutions of the paddle wheels and the speed of 
the vessel were kept the same in each case. 

The following therefore is the summary of the results 
obtained from the experiments made November 22nd and 
23rd :— 



Experiments made Noyember 
22nd and 23rd. 


With 

Common Steam 

alone 


With 

Combined 

Steam. 


Duration of the experiments in 






hours and minutes 


4h.32 m. 


4h. 30m. 


Steam pressure in boiler, in lbs. per 






square inch 


22-55 lbs. 


18-94 lbs. 


Temperature of steam in steam pipe 






near boiler 


247-7^ 




Temperature of steam in valve chest 






of cylinder 


1950° 




Temperature of surcharged steam, 






before mixing 

Temperature of combined steam in 




578-3° 






valye chest 

Temperature of the exhaust . . 




333-4° 


133-6° 


Number of double strokes of engine, 






by counter 


5536 


5455 


Number ditto per minute . 


20-35 


20-20 


Total pounds of anthracite coal , 






consumed 


2055 lbs. 


1300 lbs. 


Pounds of coal consumed per hour . 


453-3 lbs. 


288-9 lbs. 



** Whence it appears that the economical efficiency of the 
combined steam is 33*51 per cent, greater than that of the 
common steam alone." 

The fact of the percentage of gain being less in these last 
experiments than in the former ones, is explained by the 
statement, that in order to keep the engine-power, when using 
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the combined steam, down to the same standard as when using 
common steam alone^ it was necessary to carry the fires so low 
that they burnt into holes on the bars, and cooled the flues. 
The French experiments gave the following results : — 



Fcench Experiments. 


Common 
Steam alone. 


Superheated 
Steam alone. 


Combined 
Steam. 


Average pressure in boiler 
Temperature in chamber . 
Strokes of piston in 4 hrs. 
Coal consumed in 4 hrs. 
Revolutions 


2*0 atmos. 
128** R^au. 

7892 
151 kilos. 

19*2 


2*4 atmos. 
160^ R^au. 

7886 
98*8 kUos. 

12-5 


2*35 atmos. 
257' R^au. 

7866 
72 kilos. 

91 



The experiment with superheated steam alone was con- 
ducted so as to produce (sensibly) the same number of revolu- 
tions as the first. In the two first experiments the valves 
were wide open, and in the last, with the combined steam, 
they were partially closed. 

The following are the conclusions from these experiments, 
arrived at by the French Commission :— 

*^ 1st. The use of superheated steam, compared with or- 
dinary steam, reduces the expense of ^el from 19'2 to 12*5, 
-—that is to say, in the proportion of 100 to 65*1. 

"2nd. The use of superheated steam, mixed with ordi- 
nary steam, compared with superheated steam alone, re- 
duces the expense of fuel from 12*5 to 9*1, — ^that is to 
say, in the proportion of 100 to 76*8; and compared with 
the use of ordinary steam alone, gives a profit of 52*7 for 
100." 

In the beginning of the year 1856, the Admiralty yacht 
Black Eagle was fitted with Mr. Wethered's apparatus, and a 
few months later H. M, steam troop-ship JOee. The arrange- 
ment adopted in the Dee for superheating the steam, con- 
sists of iron pipes carried from the steam pipe along the 
front of the tube plate, and extending into the up- take or 
chimney, where they are coiled, to increase the heating surface. 
These pipes rejoin the steam pipes near the cylinders, where 
the temperature of the combined steam (in the Dee) is about 
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300^, the temperature in the superheated steam alone being 
nearly 500°. 

By consulting the Tables of the Woolwich experiments,* it 
will be seen that Mr. Atherton gives, for the Black Eagle, 
18 per cent, economy of fuel in favour of the combined steam, 
and for the Dee, 31 per cent. Although these percentages are 
not so high as those deduced from either the American or the 
French experiments, they abundantly show the very great 
importance of this subject, provided the actual gain can be 
thoroughly substantiated. It necessarily follows, from the very 
nature of the process, that the worse the boiler on which it is 
tried, the greater will be the apparent economy attending it, since 
the increased power is evidently obtained from the vaporiza- 
tion of the watery particles held in suspension by wet steam 
(along with the superheating of the whole steam), the neces- 
sary heat required to effect this being derived from the waste 
heat escaping up the chimney. It need scarcely be remarked 
that in a well constructed marine boiler the steam leaves it in 
a comparatively dry state, and that the temperature in the 
up-take is so low as scarcely to afford scope for the super- 
heating process ; although there are doubtless multitudes of 
boilers in which these conditions are not present. Should it 
only prove a ready means of improving the steaming qualities 
of a bad boiler, there seems no reason why it should not 
become extensively useful, the expense attending its application 
being moderate, — but at the same time we should prefer a 
boiler which gave off its steam dry in the first instance, and 
which had no waste heat to spare for cooking it afterwards. 
Unless we can be assured that the particular boiler which 
has been made the subject of experiment with Wethered's 
Apparatus is in all respects a good and efficient one according 
to our present ideas of perfection in a marine boiler, the seem- 
ing economy resulting from the process will be more apparent 
than real. 

116, 117. 
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CHAPTER X. 

ON THE QUALITIES OF FUEL, WITH HINTS FOR ITS 
SELECTION. 

On the Qualities and Value of Different Coals. — ^The fol- 
lowing observations upon the qualities and economic values of 
coal from different localities, are condensed chiefly from the 
Parliamentary " Report on Coals suited to the Royal Navy," 
drawn up in the years 1848-49, by Sir Henry de la Beche 
and Dr. Lyon Playfair. 

Much depends on the Construction of the Boiler, — In esti- 
mating the evaporative power of coals, much must of course 
depend upon the construction of the boiler, and the manner 
in which the fuel is burnt on the grate. Thus, in Cornwall, 
where every attainable advantage is given to the fuel by large 
heating surface, slow combustion, and prevention of loss of 
heat by radiation, the average evaporative value of 1 lb. of 
coals may be taken at 10 to 11 lbs. of water, while in marine 
tubular boilers it rarely exceeds 8 to 8^ lbs. An evaporative 
power of 14 lbs. of water is the highest result theoretically 
possible for a good average sample of coal. 

Mr. WicksteecTa Experiments. — Mr. Wicksteed's experi- 
ments on this subject give the following results in pounds of 
water evaporated by one pound of coal, in land boilers of good 
construction, viz. : — 

lbs. lbs. 

Best Welsh coal . . .9*5 Average small Newcastle . . 8*07 

Anthracite 901 Average Welsh 8*04 

Best small Newcastle. . 8*52 Average large Newcastle . . 7*66 

M. Cav^s Experiments.— Some recent experiments on the 
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evaporating power of cylindrical boilers ashore^ made by M. 
Cay4 of Paris, give a mean result of 8*2 lbs. water for 1 lb. 
coal« 

Description of the Boiler used in the Parliamentary Experi' 
ments, — ^The boiler employed for the Parliamentary Experi- 
ments was made on the Comisli principle, being cylindrical, 
with flat ends and an internal flue, within which the grate 
was placed, at one end. The hot air and gases, after leaving 
the furnace, passed through the central flue to the other end 
of the boiler, where they divided into two streams, and re- 
turned to the front of the b(Hler, along the outside, by a flue 
on each side ; these two were then united again under the 
front of the boiler, and returned along a flue under the bottom 
of the boiler, finally entering the chimney after a course of 
about thirty-six feet. The grate surface was five square feet, 
and the total heating surface of the boiler 197*6 square feet. 
The boiler was worked under a pressure of from 1 to 3 lbs. on 
the square inch. 

Management of the Fire, — In the management of the fire, 
care was taken to supply the coals in pieces not exceeding 
1 lb. weight, and in quantities of not more than one or two 
shovelfuls at a time, spread evenly over the fire, except in the 
case of anthracite, and of highly bituminous coal. With 
anthracite, it was found that the sudden application of heat 
caused the pieces to split and fall through the bars ; hence a 
gradual heating on the dead plate in front of the furnace, 
which in the experimental boiler was ten inches wide, was 
found to be beneficial. With the highly bituminous coals, 
also, a partial coking on the dead plate prevented their 
caking together on the fire, which would have impeded the 
passage of air through the bars. 

On Patent Fuels, their Advantages and Defects. — ^The 
Report states, that as the varieties of patent fuel are generally 
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made up in the shape of bricks, they are well adapted for 
stowage, so that though the specific gravity of patent ftiels 
is lower than that of ordinary coals, yet, from their shape 
and mechanical structure, there are very few coals that could 
be stowed in a smaller space per ton. While we look to the 
different varieties of patent fuel as of the highest importance, 
and from their facility of stowage as being peculiarly adapted 
for naval purposes, and perhaps even destined to supersede 
ordinary coal; at the same time, the greater part do not 
appear to be manufactured with a proper regard to^ the con- 
ditions required for war steamers. It is usual to mix bitu- 
minous or tarry matter with bituminous coal, and from this 
compound to make the fuel. An assimilation to the best 
steam coals would indicate, however, the very reverse pro- 
cess, and point to the mixture of a more anthracite coal with 
the bituminous cement. As the greater part is at present 
made, it is almost impossible to prevent the emission of dense 
opaque smoke, a circumstance extremely inconvenient to ships 
of war, as betraying their position at a distance at times when 
it is desirable to conceal it. Besides this and other incon- 
veniences, the very bituminous varieties are not well suited to 
hot climates, and are as liable to spontaneous combustion as 
certain kinds of coal. To avoid these inconveniences some 
kinds of patent fuel have been subjected to a sort of coking, 
and thus in a great measure obtain the desired conditions. 
There is little doubt, however, that notwithstanding the lai^ 
number of patents in operation for the manufacture of fuel, 
its value for the purposes of war steamers might be much 
enhanced by its preparation being specially directed to this 
object. It will be seen by reference to the Table, that the 
three patent fuels examined rank among the highest results 
obtained. 

Rapid Corrosion of Iron Coal Bunkers, — The retention of 
coal in iron bunkers, if these are likely to be influenced by 
moisture, and especially when by any accident wetted with sear 
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water, will cause a speedy corrosion of the iron, with a rapi- 
dity proportionate to its more or less efficient protection from 
corroding influences. This corrosion seems due to the action 
of carbon, or coal, forming with the iron a voltaic couple, and 
thus promoting oxidation. The action is similar to that of 
the tubercular concretions which appear on the inside of iron 
water pipes when a piece of caxbon, not chemically combined 
with the metal, and in contact with saline waters, produces a 
speedy corrosion. Where the "make** of iron shows it liable 
to be thus corroded, a mechanical protection is generally found 
sufficient. This is sometimes given by Roman cement, by a 
lining of wood, or by a drying oil driven into the pores of the 
iron under great pressure. 

Gases evolved from Coal during Exposure to the Atmosphere. 
— Recent researches on the gases evolved from coal, prove that 
carbonic acid and mtrogen are constantly mixed with the in- 
flammable portion, showing that the coal must still be uniting 
with the oxygen of the atmosphere, and entering into further 
decay. Instances have frequently occurred of men who had 
descended into the coal boxes having been rendered insensible 
by the carbonic acid collected there. 

Natural Decay in Coal. — Decay is merely a combustion 
proceeding without flame, and is always attended with the 
production of heat. The gas evolved during the progress of 
decay in free air consists principally of carbonic acid, a gas 
very injurious to animal life. It is well known that this 
change in coal proceeds more rapidly at an elevated tempera- 
ture, and therefore is liable to take place in hot climates ^ 
Dryness is unfavourable to the change, while moisture causes 
it to proceed with rapidity. When sulphur or iron pyrites (a 
compound of sulphur and iron) is present in considerable 
quantity in a coal still changing under the action of the atmo- 
sphere, a second powerful heating cause is introduced, and 
both acting together may produce what is called spontaneous 
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combustion. The latter cause is in itself sufficient, if there 
be an unusual proportion of sulphur or iron pyrites present. 

Spontaneous Combustion, — The best method of prevention 
in all such cases is to ensure perfect dryness in the coals when 
they are stowed away, and to select a variety of fuel not liable to 
the progressive decomposition to which allusion has been made. 

Advice in the Selection of Fuel, — It may be desirable to 
sum up in a few words some of the principal points alluded to 
in this Report. It has been shown that the true practical 
value of coals for steam purposes depends upon a combi- 
nation of qualities which could only be elicited by carefully 
and properly continued experiments. Their qualities, so far 
as regards steam ships of war, may be stated as follows : — 

1 . The fuel should bum so that steam may be raised in a 
short period, if this be desired ; in other words, it should be 
able to produce a quick action. 

2. It should possess high evaporative power, that is, be 
capable of converting much water into steam with a small con- 
sumption of coal. 

3. It should not be bituminous, lest so much smoke be 
generated as to betray the position of ships of war, when it is 
desirable that this should be concealed. 

4. It should possess considerable cohesion of its particles, 
so that it may not be broken into too small fragments by 
the constant attrition which it may experience in the vessel. . 

5. It should combine a considerable density with such me- 
chanical structure, that it may easily be stowed away in small 
space ; a condition which, in coals of equal evaporative values, 
often involves a difference of more than 20 per cent. 

6. It should be free from any considerable quantity of sul- 
phur, and should not progressively decay, both of which cir- 
cumstances render it hable to spontaneous combustion. 

All the Good Qualities are never united in one Coal. — It 
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never happens that all these conditions are united in one coal. 
To take an instance, anthracite has very high eTaporative 
power, but not being easily ignited, is not suited for quick 
action ; it has great cohesion in its particles, and is not easily 
broken up by attrition, but it is not a caking coal, and there- 
fore would not cohere in the furnace when the ship rolled 
in a gale of wind ; it emits no smoke, but from the intensity of 
its combustion it causes the iron of the bars and boilers to 
oxidate, or waste rapidly away. Thus, then, with some pre- 
eminent advantages it has disadvantages which, under ordinary 
circumstances, preclude its use. 

By a due attention to these practical hints, the commander 
of a steam vessel will be enabled to strike a balance between 
the good and bad qualities of the fuel offered him for sale, and 
to select that which appears likely to fulfil most of the con- 
ditions which his peculiar service may demand. 

Tables of the " Economic values of different coals and 
patent fuels ;" of the " Mean composition of average samples 
of the coals ;"^ and of the "Substances produced by the de- 
structive distillation of certain coals," will be found at the end 
of the book. 

Wood used as Fuel in Steam Vessels, — When wood is used 
for fuel in steam vessels, it requires from 2\ to 3 lbs. (accord- 
ing to the degree of dryness) to equal one pound of coal. 
Wood tolerably well dried contains one-fifth of its own weight 
of water, in evaporating which about one quarter of the whole 
heat generated is absorbed; peat, on the contrary, contains 
only from 1 to 3 per cent, of "hygroscopic" water. 

TSarf used as Fuel in Steam Vessels. — ^Turf has been oc- 
casionally used for fuel in steam boats, though not hitherto 
with much success. Its calorific value depends wholly upon 
the degree of dryness to which it has been brought, and when 
Idhi-dried it is found to have a strong tendency to re-absorb 
moisture ; so it should be used as soon after this process as 
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possible. When burnt in a tubular marine boiler with 6j 
square feet of grate bar and 280 square feet of total heating 
surface, it required 51 lbs. of good peat to eyaporate one cubic 
foot of water, being about one-sixth of the duty of coal. 

A table showing the economic value of different coals will 
be found in the Appendix. 
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CHAPTER XI. 

CONSIDERATIONS AFFECTING THE CONSUMPTION OF FUEL 
AND GENERAL EFFICIENCY OF STEAM VESSELS. 

Rate of Consumption of the Fuel in a Steam Vessel, — The 
rate of consumption of the fuel in a sea-going steamer is a 
consideration of the first importance, not merely as it regards 
the question of expense, but also as it affects the capability of 
the vessel for increasing the length of her voyage under steam, 
as well as her safety in case of unusual detention from adverse 
weather. It is proved alike by theory and experience, that 
under ordinary circumstances of weather, a vessel will steam 
further with a given quantity of coals, by using only a fraction 
of her steam power, than she would if going at full speed. 
Theoretically speaking, the slower the vessel's speed, the 
greater the economy of fiiel, provided always that no steam 
escape from the safety valve, or is otherwise wasted; but 
if her progress be opposed by contrary winds and currentSji 
the engines should of course exert sufficient power, not 
merely -to preserve her position, but to give forward motion if 



Steaming against the Stream, — In this case it is found that 
the power is applied most economically when the vessel steams 
half as fast again as the velocity of the opposing stream or 
current. Thus, if the vessel be steaming up a river, or in a 
tideway where the current runs at four knots an hour, her 
speed should then not be less than six knots. 

Natural Law regulating the Speed of a Steamer. — These 
results chiefly depend upon the natural law that the power 
expended in propelling a steam ship through the water varies as 
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the cube of the velocity. This law is modified by the retarding 
effect of the increased resisting surface consequent upon the 
weight of the engines and fuel, so that the horse-power in- 
creases in a somewhat higher ratio than that named. 

lAmit imposed to the Possible Speed. — ^This consideration 
imposes a limit to the possible speed of a steamer, depending 
upon the weight of the machinery and fuel which it can carry, 
relatively to its dimensions and tonnage. It is apparent also 
that this limit is extended according as the proportions of the 
engines and vessel are increased, for the larger the engines the 
less is their weight per horse-power, and the greater is the 
effect of the steam in the cylinders; while the larger the 
vessel, the less is the resisting surface increased by the dis- 
placement of each additional ton of machinery and fuel. 

That the velocity of the ship varies as the cube root of the 
power, is amply confirmed by experience, and (amongst others) 
by the following trials made with H. M. Screw Steamer Des- 
perate : — 



Trial. 




Indicated 
Horse-power. 


Speed 

in 
iCnots. 


Mar.l 
2 

3 

4 


With 4 boilers and 4 cyUndere . . . 

With 3 boilers and 4 cylinders, work- 
ing expansively 

With 2 boUers and 4 cylinders, work- 
ing expansively 

With 1 boiler and 2 cylinders, work- 
ing expansively 


805-89 
572-32 
363-87 
169-32 


915 
8-25 
7-35 

5-98 



During these trials the consumption of coal (hand-picked 
Welsh) was never lower than 4*4 lbs. per indicated horse- 
power per hour, nor greater than 5*9 lbs., in any of the ex- 
periments, the best result being obtained when a single boiler 
only was used, — showing that during those trials no economy 
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resulted from ** slow combustion." The nost economical rate 
of combustion was about 18 lbs. of coal per square foot of 
grate-bar surface per hour. 

To find the Speed eorreepanding to a DiminUhed Consumjh 
turn of Fuel. — Hence, if a vessel of 500 horses' power, we 
shall suppose, have a speed of 12 knots, with a consumption of 
40 tons of coal per diem, if we wish to find the speed corre- 
sponding to a diminished consumption of 30 tons per diem, 
the following simple calculation is required, viz. : — 

40 : 30 : : 12* : V (cube of the required velocity). 

Or, reduced, 4:3:: 1728 : V«, 

As an equation, 3 x 1728=5184»4 V, 

Or, 5184 ^ 

4 

^1296 « 10-902 knots « V, required velocity. 

Thus, by diminishing the horses' power, or the consumption 
of fuel, of this vessel by one-fourth, we lose only a little more 
than one knot per hour in the resulting speed. 

The same calculation may be applied for comparing the 
effects of engines of different power in the same vessel, or of 
the same engines when worked at reduced power. 

The results thus obtained are of course independent of the 
additional advantage gained by expanding the steam in the 
cylinders, which, in the case of large engines working at low 
powers, is very considerable. 

To find the Cofuumption of Fuel correeponding to an In^ 
ereaeed Speed. — Again, if we find that the speed of our vessel 
has advanced from eight knots (we will suppose) to nine knots, 
in consequence perhaps of her having received new boilers, and 
using more steam in the cylinders, and we wish to find the 
corresponding increase in the consumption of fuel, the follow- 
ing calculation will be necessary, viz. : — 

gs • gs • • former consumption ; present consumption, 
512 : 729 : : Ditto : Ditto 

Or, in the ratio of 1 to 1-424. 
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Relation between the Consumption of Fuel, and the Length 
and Velocity of the Voyage. — Again, the consumption of fiiel 
during two or more voyages of known lengths will vary in the 
proportion of the square of the velocity multiplied hy the dis- 
tance traversed. 

Thus, if we find that daring a voyage of 1200 miles, per- 
formed at the average speed of ten knots, the total consump- 
tion of fuel is 150 tons, and if we now wish to ascertain the 
consumption for a longer voyage (of 1800 miles, we will sup- 
pose), at a reduced speed of eight knots, the calculation will be 
as follows : — 

150 tons : C required consumption : : 10^ knots x 1200 miles : 8^ 

knots X 1800 miles. 

Then, C x 100 x 1200= 150 x 64 x 1800 * 

Or, C X 120,000=17,280,000 

1728 
Seduced to C=-j2~»144 tons consumption. 

If, on the other hand, we require to know at what rate the 
vessel must steam in order that her consumption during the 
longer voyage of 1800 miles may not exceed her previous con- 
sumption of 150 tons during a voyage of 1200 miles at ten 
knots an hour, the calculation will be as follows : — 

If we substitute 150 tons (our supposed consumption) for C 
in the equation aboTe, marked thus*, and V^ (the square of 
the required velocity) for 64, we shall then have, 

150 X 100 X 1200 = 150 X V2 X 1800, 
Or, 120,000- 1800 V2, 

„ ^ ^ 1200 ,„ 
Reduced, -j^=V2, 

And V=>/ 66-66 = 8-15 knots. 

Economy attending a diminished Speed in the Vessel. — 
These examples all show the great economy which attends a 
diminution of speed in the vessel ; and although in the ease of 
merchant steamers, the loss of time is generally too serious a 



y^ 



XI.] EFFICIENCY OF STEAM TESSELS. 129 

disadyantage to admit of any pennanent reduction of speed, 
■much benefit has resulted to ships in the Royal Navy from the 
judicious husbanding of the fuel in this manner, whether it be 
to meet the requirements of an unusually long run, or merely 
to save coal when the vessel is employed on a service uot de- 
manding extraordinary despatch. 

Use of Sails of a Steamer. — ^The steamer's sails, also, form 
a most important addition to her capabilities, as for each knot 
that the vessel is propelled by their aid, as much fuel is saved 
as may afterwards propel her the same number of knots in a 
calm. The sails should therefore be set upon every occasion 
of a fair wind, and according as it is more or less favourable, 
so should the steam be more or less cut off and expanded in 
the cylinders. By this means we avoid the unnecessary con- 
sumption of dense steam, which would otherwise be used at a 
disadvantage ; for it is evident, that however Uttle the engines 
may assist in propelling the ship, they must nevertheless work 
very fast in order to overtake the vessel's speed generated by 
the sails alone, and two cylinders full of steam must always 
be Used for each revolution. 

Many of our screw steamers sail extremely well under can- 
vas. . Thus, the Indiana has been known to make 970 knots 
in three days, under sail alone. The maximum speed of this 
vessel with steigu alone, is 10 knots, and her average speed in 
a long run is from 8^ to 9 knots an hour, steaming and sail- 
ing. It is believed that a steamer's sails^ those of a screw 
steamer more especially, might be much more frequently used 
than they are, with manifest advantage in saving steam, but 
for the strong temptation to the commander of sparing his 
officers and crew at the expense of the engines. 

Disconnecting the Engines. — ^When a moderate speed can be 
attained by the sails alone, it is more economical (though 
otherwise not always to be recommended) to stop the engines 
entirely, and disconnect the wheels or screw when practicable, 
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suffering them to revolve freely in their journals hy the re- 
action of the water. In the case of the screw^ it may either 
he raised entirely out of the water (if provision he made for 
this) or the hlades feathered, as will he hereafter explained. 
When, on the other hand, the wind and sea are adverse, the 
full power of the ehgines must he applied, every knot gained 
being now of double value. 

In steaming head to wind with a paddle-wheel steamer, it is 
found to he the best practice to keep the vessel in a direct 
course as long as possible, but so soon as she begins to fall off, 
first to one side and then to the other, for want of good steer- 
age-way, the fore and aft sails should be set, and the vessel 
tacked, the engines being kept working all the time. In the 
screw steamer, on the other hand, there is no economy in 
keeping a direct course against a head wind and sea- after her 
speed is reduced to two or three knots per hour, since the en- 
gines keep up nearly their usual number of revolutions, and 
the steam is almost all wasted in slip. In such a case, therefore, 
the ship's course should be altered, and the sails set to assist 
the screw, so soon as the speed falls to this degree. In paddle- 
wheel engines the waste of steam in going head to wind is not 
so great, since the revolutions decrease with the speed of the 
vessel. 

To corrvpare the General *Efflciency of different Vessels, — ^It 
will be apparent from what has been already said, that it is 
very difficult, if not wholly impracticable, to institute a just 
comparison between the degrees of efficiency of different steam 
vessels. In the first place, the performance of the machinery 
has to be separated from the question of the form of the 
vessel, if we would enter minutely into the subject ; and 
the performance of the machinery itself should again be 
subdivided into the relative efficiency of the engines and 
boilers. 

But as it cannot be expected that mercantile men should 
enter into these details, a simple method of drawing a general 
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and approximate comparison between different vessels^ taken as 
a whole, may be found useful. 

For Commercial Purposes. — It is at once apparent that the 
mere statement of the number of miles run for one ton of 
coals, can be a just criterion only between vesseb of the same 
or nearly equal size, making the same voyage, at nearly equal 
speeds, and that it is by no means appUcable as a general 
standard, since a ton of coals will, as a matter of course, carry 
a small vessel further than it will a larger one. As we have 
seen, too, that an increase of speed is obtained only at the 
expenditure of a very great increase of power, a proper allow- 
ance must also be made for this. Hence, to draw even the 
most superficial comparison between the "efficiency" of two 
steam vessels, their speeds must first be reduced to a common 
standard, and the relation must then be found between the 
consumption of the fuel at this speed and the size or tonnage 
of the vessel, the maximum speed of each being considered as 
a separate question. The signification of the term efficiency, 
varies so materially in different classes of vessels, that steamers 
of the same class only can be justly compared together ; the 
speed required by any particular service, or in other words, 
the estimation of tim£ in each service, being a totally distinct 
consideration, as regards consumption of fuel and general 
efficiency. Thus, one vessel mi^y make a voyage at a slow 
rate, and with a small consumption of fuel, while another 
vessel of the same power and tonnage, although it may be of 
very decidedly superior " efficiency," may consume a much 
greater quantity of fuel, by performing the same voyage in a 
much shorter time. In the Government service, the time 
occupied by a voyage is usually not so much considered as a 
low consumption of fuel, and the vessel is therefore limited 
to a slow and economical speed. In the case of merchant 
steamers, on the other hand, this system would be the reverse 
of economy. 
It is believed, that if the number of register tons carried 
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by one ton of coals, at the rate of ten knots an hour, be taken 
as a common standard of comparison for estimating the duty 
of sea-going steamers, it will be found sufficiently accurate for 
mercantile purposes, the maximum speed of the vessel being 
treated as a separate consideration. 

Example No. 1. — Suppose, for example, that a vessel of 
1300 tons, and 500 horse-power is found by experiment, 
when at her medium draught of water, to make 10*5 knots an 
hour, with a consumption of three tons of coal per hour. 

To reduce her performance to the proposed standard, there- 
fore, the following calculation must be made : — 

10*5 knots • 10 kn ots : I v^ 3 tons, presen t consumption ; 
V required consumption. 

Cubing these quantities, and working out the proportion, 
we have 

1157*625 : 1000 : ; 3 : 2*59 tons, required consumption. 

We have thus found that 1300 tons (tonnage) are carried 
10 knots in an hour, by a consumption of 2*59 tons of coals : 
Therefore, 

——-■8 501*9 tons (tonnage) carried by this steamer a distance of 10 
knots in an hour, by one ton of coals. 

Example No. 2, — Again, a vessel of 1072 tons, and 400 
horse-power, is propelled at the rate of 10'4 knots, with a 
consumption of 48^ cwt. of coifls per hour. 

Then, as before, 10*4 ; 10 : ; 'v^48*5 : ^required consumption. 

Or, 1124*8 : 1000 : : 48*5 : 43-1. 

And now, 431 : 1072 ; : 20 : 497*4 tons (tonnage) carried by this 

steamer a distance of 10 knots in an hour, by one ton of coals. 

The comparison between those two steamers, therefore, 
shows that their performance is nearly equal, being in the 
proportion of 501-9 to 497*4. 

To compare the Efficiency of Different Vessels for Scientific 
Purposes. — If it be wished to form a more scientific and accu- 
rate comparison, the separate question of the efficiency of the 
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boiler being ascertained by an experiment as to weight of 
water evaporated by 1 lb. of coal, and the efficiency of the 
engine by finding the quantity of steam used in it to produce 
an indicator horse-power, it will be necessary to substitute the 
indicator horse-power for the consumption of /uel, and the 
actual displacement of the vessel for the nominal tonnage. 
With regard to the latter point, it is much to be regretted 
that a certain petty jealousy still existing amongst ship builders, 
though now happily exploded amongst engineers, frequently 
steps in to obstruct the investigation of all questions relating 
to the form and displacement of a vessel's body, by withhold- 
ing the design from which it was built. As the lines of the 
vessel cannot be deduced ft*om the scale of displacement,* 
however, we think that every owner of a steamer may insist 
upon this being supplied to the captain of his ship, without 
taxing too far the communicativeness of the designer, who, it 
would appear, is apt to forget that only quacks and charlatans 
work in secret, while with* the true scientific practitioner all 
is open and above-board, and publicity courted with a view 
to criticism and discussion, and consequently progressive im- 
provement. 

The number of tons of displacement, therefore, that 100 
gross or indicator horse-power will propel at the rate of ten 
knots an hour, is proposed as a standard of comparison for 
enabling us to judge of the relative values of different forms of 
vessels. 

Example No, 1 . — ^A vessel, upon trial, is found to have a 
speed of 10*5 knots an hour, the engines exerting an indicator 
power of 1440 horses, and the displacement being at the same 
time 2380 tons, as taken fVom the scale of displacement. 

Then, ag 10'5 knots ; 10 knots : : \/^ 1440 H.-P. : 
Vindicator power required. 
Or, 1157-625 : 1000 : : 1440 : 1243-9. 

* For an example of a scale of displacement, see Rudimentary Treatise 
on Shipbuilding, Vol. I. in this series, Plate C. 
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And 1243-9 : 2380 : : 100 : 191*3=ton8 of displacement propdled, in 
this vessel, by 100 indicator horse-power, at the rate of 10 knots an hour. 

Example No. 2. — ^Another vessel, on trial, is found to have 
a speed of 10*4 knots; her engmes exerting an indicator 
power of 919*6 horses, and her displacement at the same time 
heing 1323 tons. 

Then, as 10*4 knots : 10 knots : : \/919-6 H.-F. : v^ required H.-P. 

Or, 1124-8 : 1000 : : 919-6 : 817-5. 

And 817*5 : 1323 :: 100 : 161-8 s tons of displacement propelled, in 
this vessel, hj 100 indicator horse-power, at the rate of 10 knots an hour. 

Considerations to he attended to in proportioning the Horse- 
power to the Tonnage. — In proportioning the horse-pov^er of 
a vessel, the fact is seldom home in mind, that the effective 
power of the engines increases in a higher ratio than simply 
as the tonnage, the resistance of the water to the hull of the 
vessel varying as the square of the cuhe root of the tonnage. 
Thus, if a vessel of 1000 tons and 500 horses' power have a 
speed of 12 knots, a vessel of 1600 tons and 800 horse- 
power ought, ceteris paribus, to have a considerably greater 
speed, since the square of the cube root of 1600 (v' 1600^ 
or 11*7^) is 684 horses' power only. This law is somewhat 
neutralized in practice by the fact of the displacement usually 
increasing in a higher ratio than the nominal tonnage. If it 
be desired to design a vessel of a proposed size and speed, 
the safest mode of proceeding is to take the vessel nearest in 
tonnage and general description to that which it is intended 
to construct as a groundwork. If greater speed is required, 
the natural law, as given in page 125, ynUX be the guide as to 
the amount of additional power that will be necessary ; thus, 
if a vessel of 1000 tons and 400 horses' power now running, is 
found to have an average speed of ten knots, and it be desired 
to have a vessel of the same tonnage, vdth a speed of eleyen 
knots, the proportion becomes 

103 • lis • • 400 . horse-power required. 

By means of this proportion, 532 horses' power is found 
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to be necessary, supposing the new vessel to be of no better 
form, and the engines to work to the same amount of excess 
of indicator over nominal horse-power. Much may undoubt- 
edly be done by an improvement in form, but too much ought 
not to be expected from it, and though some faults may be 
Tery apparent in the original, and be capable of remedy, yet it 
ought not to be assumed that the new vessel will be entirely 
free from all retarding causes. 

Comparisons between the Performance of Government and 
Merchant Steamers are generally imperfect, — Unjust compa- 
risons are frequently made between the performance of Govern- 
ment and merchant steamers ; for when we consider the pecu- 
liar qualifications demanded by a vessel of war, it will be seen 
that the comparison cannot be made on equal terms. War 
steamers are built not only to steam but to sail well ; and 
moreover they must be able to carry a great weight of arma- 
ment on the upper deck without prejudice to their stability, 
and since the only effectual way of doing this is by giving them 
a greater relative breadth than merchant steamers are Umited 
to, the consequence is, that the hull opposes an increased re- 
sistance to the water, and the speed is diminished. Then the 
weight of hull and equipment of a war steamer is usually much 
greater than in the merchant service, causing a corresponding 
increase of displacement ; the masts, yards, and rigging, being 
of greater dimensions, oppose a greater resisting surface to the 
air ; and owing to the weight of the large guns at the extremi- 
ties of the vessel demanding support from the upward pressure 
of the water, the lines at the bow and stern cannot be made 
so fine as might otherwise be desirable. Hence it follows, that 
the speed of the contract mail steamers, for instance, averages 
from one to one and a half knots above that of vessels in the 
navy, with a similar proportion of power to tonnage ; but if 
the proportion of horse-power to displacement be taken, the 
comparison will generally become more favourable to the war 
steamer. 
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Economy of Steam Power the heat Criterion of Efficiency in 
the Navy. — In estimating the performance of a Government 
steam vessel, therefore, we should look rather to the direct 
distance ran hy the combined action of steam and sails, at a 
moderate but uninterrupted speed, and with alow rate of con- 
sumption of steam and ftiel, than to the attainment of a high 
velocity, which is seldom wanted in war steamers. The best 
exposition we can offer of the practical working of this com^ 
bined system of steaming and sailing in the navy, has been 
supplied by Capt. Hoseason, in his account of the performance 
of the steam sloop Inflexible, 

Pefformanee of the Inflexible in a Steam Voyage round the 
World. — This vessel, designed by Sir W. Symonds, is of 1122 
tons burden, and 378 horses' power. The engines are direct- 
action, by Fawcett, and the boilers are loaded to 8 lbs. on the 
square inch. The whole distance run (without counting going 
in and out of harbour) during the time she was in commission, 
from the 9th of August 1846» to the 28th of September 1849, 
was as follows : — 

Steamed 64,477 nantieAl miles* 

Sailed 4,392 

68,869 „ 

Number of days mider steam 345^ 

„ imder sail alone .... 27^ 

372f 

Average daily steaming 186-62 knots. 

Average daily sailing 161*18 „ 

For the whole period 57*44 „ 

Time imder.one boiler 76f honrs. 

„ two boilers 4047 „ 

ff three „ 3324^ „ 

n four „ 844 „ 

8,292 hours. 
Her fires have been lighted 483 days. Total consumption of coals while 
under steam, 8121 tons 12f cwt.; coals expended in raising steam and 
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banking the fires, 576 tons 16f cwt.; avenge distance steamed per ton of 
coals, 7*938 knots. Consumption of coals per hoar, 19,M8 cwt.; ditto per 
day, 23 tons, 10 cwt, 12^ lbs. ; ayerage consumption of coals per nominal 
horse-power per hour, 5*85 lbs. 

It is stated that the above-mentioned distances were obtained 
by the patent log, towed about 50 fathoms astern, out of the 
influence of the backwater from the wheels ; the error arising 
from this cause, while throwing the common or hand-log, 
haying been found on board the InJieMle to vary from one to 
four knots. It is recommended, therefore, that the patent log 
only should be used by a steam vessel, its results being verified 
by the bearings of the land, when the distances are known. 

The expenditure of coals was taken by measuring every 
tenth bag in the ship, and every tenth bag as used by the 
fires, a mean being taken every four hours for the hourly ex- 
penditure. 

Performance of the Inflexible. —The distance accomplished 
by the Inflexible is stated to have been reckoned only from 
the time the patent log was thrown overboard, and when the 
final departure from the land was taken. 

It is further stated that she was employed for fifteen months 
on the coast of New Zealand, during which time about 4000 
tons of the Newcastle Australian coal were consumed, the 
best quality of which, delivered at the mines, is about ten 
per cent, inferior to good English coal, but rendered ftdly 25 
per cent, inferior by being exposed on the open beach at New 
Zealand. A deduction should therefore be made for this cir- 
cumstance, in considering the expenditure of fuel. 

On the outwarcL voyage of the Inflexible to the Cape of 
Good Hope, in the months of August and September 1846, a 
run of 5502 nautical miles was accompUshed on a single coal- 
ing, at a mean average speed of 7*31 knots per hour, and an 
average daily expenditure^ of 12 tons, 19 cwt. 3 qrs. 14 lbs. 
This run was accomplished in 32 days. 

On the voyage from the Cape of Good Hope to Port Jack- 
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son, Sydney, 5356 nautical miles were accomplished at one 
coaling, with an* expenditure of 458 tons 10 cwt., heing at the 
rate of 15 tons, 3 cwt. 2 qrs. per diem, and with a mean aver- 
age speed of 7*87 knots per hour. Time taken, 30^ days. 

In calculating the consumption of coal as ahove, an allowance 
of 5 per cent, for ''wastage'* has been added to the actual 
weight burnt in the fires, such allowance being made in order 
that the captain may judge of the quantity of coals remaining 
in the boxes at any time. This percentage was determined by 
experiment during the Inflexible* a first two voyages, when the 
difference of weight was accurately noted between the coals 
burnt, and those received on board in £ngland. It is thence 
argued that 5 per cent, should be subtracted from the gross 
quantity, if the true duty in miles per ton of coals is sought. 
We confess we are at a loss to account for so large a wastage. 

It is further stated that on one occasion, when the full power 
of the engines was exerted, the Inflexible towed the barque 
Claudine, and succeeded in transporting 1500 soldiers, tents, 
equipage and baggage, 1400 nautical miles in 12 days, four of 
which were occupied in the landing of one regiment and the 
embarkation of another. 

After service on the coasts of India and China, the Inflexi- 
bU returned to England by Cape Horn, thus making the cir^- 
cult of the globe, and fulfilUng her comprehensive mission in 
a manner most creditable to her able commander. Captain 
Hoseason. 

Economy of a Moderate Proportion of Horae-power in com- 
bination with the Sails. — ^These results show, in a most favour- 
able hght, the economy of a moderate proportion of horse- 
power in combination with the judicious use of the sails : and 
it is a question of much interest to the navy whether a better 
average result might not be expected and obtained from such 
a system, than from the expensive fashion of loading the ves- 
sel with very large engines whose full power is but seldom 
wanted, and which monopolize so much weight and space that 
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nt coals cannot be carried for the proper development 
steam power. It is true, that by the use of a high pro* 
iOn of power to tonnage, the vessel has the advantage of 
ing always a high speed at her command, so long aa the 
coals last; while, by expanding the steam in her large cylin- 
ders, she may burn the fuel, on ordinary occasions, most eco- 
nomically, still we must remember the increased first cost of 
the machinery, and the increase of displacement consequent 
upon the great extra weight to be constantly carried (whether 
it be used or not), by which the speed of the vessel is perma- 
nently diminished. 

A high Proportion of Horse-power requisite in the Merchant 
Service. — ^Although we thus advocate the employiiient of a 
moderate proportion of power to tonnage for the Eoyal Navy, 
this question has a different aspect when considered with refer- 
ence to the merchant service. For though, as is well under- 
stood. Buy increase of speed requires an increased power in the 
duplicate ratio of the increased speed, and therefore a great 
economy would seem to result from the low proportion of power 
to tonnage ; still, if time be calculated as an element (and, in 
reality, a very important one) in the economy of mercantile 
conveyance, it will be generally found that a high speed, at 
almost any expense of fuel, will compensate for the additional 
expense. As regularity of arrival, also, is of the utmost im- 
portance in passenger and mail traffic, this can be ensured only 
by the employment of a high ratio of power ; for it is appa- 
rent that, should the contrary forces of adverse winds and 
waves, of tides and currents, equal or exceed the power of 
the engines, the vessel may bum an indefinite quantity of fuel 
without making any progress. 

Influence of Form on the Speed of a VesseL — The great influ- 
ence exerted on the speed of a vessel by alterations in the form or 
lines of the bottom has been abundantly proved by experiment. 

In the case of the Rifleman^ government screw steamer of 
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486 tons and 200 nominal horse-power, a speed of 8*09 knots 
was obtained with 348 indicated horse-power. Her stem-lines 
were then improved in form, when her speed was thereby aug- 
mented to 9*5 knots with 367 indicated horse-power ; or 8'01 
knots with 188 indicated horse-power, instead of 348, as be- 
fore. 

The Tecuser originally had a speed of only 6*31 knots, with 
176 indicated horse-power; subsequently the stem-lines were 
made finer, and the engine-power reduced at the same time, 
when she made 7*68 knots with an indicated horse-power of 
only 128. 

It was shown in the experiments with the Dwarf y also, that 
her speed could be reduced to one-half by filling out her stem- 
lines, the indicated horse-power being kept the same in each case. 

In the Magnet the original bow had an angle of 42°, but 
when this was altered to 23°, the speed was increased from 
10*02 knots to 11*75 knots per hour. 

H. M. Steamer Flying Fish had a speed of 11*60 knots; 
her bow was then lengthened by 18 feet, when her speed 
advanced to 12*57 knots. The following are some of the re- 
sults of the experiments with the Flying Fish. 



ReYolutions 
per min. 



Indicated 
Horse- 
power. 



Speed 
in Knots. 



July 3, 1856 : before being 
altered. — 
With fuU power .... 
f power ..... 

i power 

Sept. 16, 1856 : with false 
bow added, — 
"With full power .... 

f power 

i power . . . . • 



74J 
68i 
59 



11 
68 
60 



1106-06 
8770 
5760 



1309*0 
918-72 
660-18 



11-603 

11-201 

9-92S 



12-572 
11-150 
10120 



These experiments prove (as might have been anticipated) 
that it is only at the higher velocities that extreme fineness of 
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lines are of importance, for at half and three-quarter power 
there is no improvement consequent upon the alteration, and 
it is only when the full power is exerted that we find the speed 
advanced hy nearly a knot per hour. It is also remarkable 
that, before the alteration, doubling the power gave an increase 
of speed of only 1*68 knots; while after the alteration the 
speed was increased by 2-452 knots by doubling the power. 
The speed of a steamer is in general very httle affected by 
in<^reasing her length amidships, which fact has been recently 
illustrated in a remarkable manner in the case of the Candia. 
This vessel, before being lengthened, was 281 feet long, 39 feet 
broad, and had a draught of 18 feet 6 inches on an even keel ; 
her speed at her trial-trip being 12'55 knots per hour. The Can^ 
dia has since received an additional length of 35 feet, inserted 
before the engine room, which has increased her measure- 
ment by about 300 tons, and her capacity of carrying coals or 
cargo, on the same draught as before, by 400 tons. A trial was 
made at Stoke' s Bay on the 12th of August, 1857, with this 
additional weight on board, when her speed was found to be 
I2'45 knots an hour, being a difference of only one-tenth of a 
knot from what it was formerly. This highly favourable result 
is doubtless owing, in a great measure, to the improved trim 
•of the vessel, since formerly she swam rather by the head, 
whereas since the alteration she trims about 1 8 inches by the 
stem. It shows however very plainly that the retarding 
action of friction between the water and the straight part of 
the sides and bottom of a vessel, is comparatively unimportant, 
the main point being the opening and closing of the water at 
the bow and stem. We have known the speed of a steamer 
to be improved by as much as a knot per hour by an altera- 
tion in her trim. During her last trial, the Candia had 800 
tons of coal on board (intended to carry her to Calcutta with- 
out coaling at the Cape) as well as water and stores. 
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CHAPTER XII. 

THE PADDLE WHEEL. 

Varieties of the Paddle Wheel, — ^With regard to Paddle 
Wheels, it is believed that the common wheel, if properly 
proportioned and allowed the proper degree of immersion, is 
preferable, under ordinary circumstances, to any of the " im- 
proved " varieties which have from time to time appeared. Of 
these, the only one which can be recommended, and that only 
under pecuhar circumstances, is the feathering wheel ; but it 
is objectionable from its weight (which is about twice that of 
the common wheel), ffom its complexity and consequent 
liability to derangement, and from its considerable additional 
expense. There is no doubt but that the feathering wheels 
will give a better speed to the vessel, so long as they remain 
in good working order; but they are unsuitable for long 
voyages and foreign stations, on account of the great wear and 
tear which is constantly going on, and the frequent repairs de- 
manded. From their weight, also (t'hose of the Atrato weigh 
100 tons each), they must strain the vessel very much. The 
JRipon was formerly fitted with feathering wheels, but in con- 
sequence of the time and expense they incurred for repairs, 
they were given up, and common wheels fitted, the result being 
' that the vessel lost one knot per hour ii^ speed during rough 
weather. Feathering wheels require the most superior wprk- 
manship, otherwise they are a source of constant annoyance. 
The common radial wheel with the board divided into two 
breadths, and one placed on either side of the paddle-arm, is 
probably the best form of wheel that can be adopted for large 
steamers. 

Variable Immersion the Grand Objection to the Paddle 
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Wheel, — ^We have already hinted that the grand objecdon to 
the paddle wheel is the unequal " dip '* or immersion of the 
hoards, consequent on the yarying draught of water, as the 
coals and stores continue to be consumed on the voyage. A 
vessel, for instance, with a displacement of 12 tons per inch at 
the load line, burning perhaps 460 tons of coals during a long 
run, will swim 3 feet 6 inches lighter, ft*om the consumption 
of the fuel alone, at the end than at the beginning, so that 
it is only in the middle of her voyage that the wheels can 
have the dip best calculated for them. 

In large vessels of this class, the feathering floats give a 
decided advantage in speed, from not being so much affected 
by a too deep immersion. 

The most advantageous Dip. — ^The most advantageous dip 
varies with the diameter of the wheel, the speed of the vessel, 
and the service in which she is employed, as for sea or river 
navigation. Sea-going steamers of the first class are usually 
allowed 18 to 21 inches of water over the vertical float at the 
mean draught ; and smaller vessels may have 12 to 15 inches. 
It is usual in the case of fast river boats to allow only an inch 
or two over the boards, when the wheels are large. When the 
wheels are too deeply immersed, they may sometimes be 
** reefed'* by disconnecting the boards, and securing them 
nearer the centre. 

The "Slip"' of the Paddle Wheel— The "slip" of the 
paddle wheel, by which is meant the excess of its velocity 
above that of the vessel, is usually reckoned at one-fifth (or 20 
per cent.) of the vessel's speed, the wheel being supposed to 
be well-proportioned, and the water lines of the vessel toler- 
ably good for speed. In feathering wheels the slip is less. 

Explanatim of Table of Velocities of Paddle Wheels. — As it 
is of considerable importance to observe and compare the slip 
of the wheel under different circumstances, or in different ves- 
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selSy we have prepared a table of velocities of paddle wheels of 
varying diameters and speeds, in feet per minute, and miles 
per hour. The " effective diameter " of the wheel may be 
reckoned by subtracting one-third of the breadth of the boards 
from each end of the extreme diameter. This subtraction 
should therefore be made before referring to the Table given 
in the Appendix. The rule for finding the velocity of a paddle 
wheel, when its effective diameter and number of revolutions 
are given, is the following : — 

Multiply the diameter by 3*1416 ; multiply the product by 
the number of revolutions per minute ; multiply the last pro- 
duct by 60 ; and divide by 5280 for the velocity in statute 
miles, or by 6082*66 for knots per hour. 

The Table referred to will be found at the end of the 
book. 

Area of the Paddle Boards. — In proportioning the area of 
the paddle boards, we must take into consideration the esti- 
mated dip of the wheels. By taking an average of the practice 
with regard to large sea-going steamers, we find that the whole 
paddle-board surface for the two wheels is between 2^ and 3 
square feet per horse-power ; but for steamers with a Ughter 
dip, from 4 to 5 square feet are allowed. The surface of each 
board, for large vessels, rarely exceeds one twenty-fifth of the 
total horse-power, in square feet ; but increases as the dip and 
diameter of the wheel diminishes, to about one-fifteenth : 
while for river steamers one-tenth of the total horse-power is a 
usual proportion. A long narrow board is more effective than 
a short and deep one, but is inconvenient, especially in sea- 
going vessels, from the increased breadth of the paddle box. 
Thus, in large steamers, the proportion of depth to length 
varies from one-fourth to one-fifth, but in river steamers the 
board is generally about seven times as long as it is broad. 

Disconnecting the Paddle Wheels. — ^As it is sometimes de- 
sirable to disconnect the paddle wheels from the engines, and 
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permit them to revolve in their hearings while the ship is 
under canvas, several kinds of disconnecting apparatus have 
been employed for this purpose. 

Description of a Friction-break Disconnecting Apparatu$^f^ 
This apparatus is represented in the subjoined woodcut, and. 
it may be thus described. A cast-iron disc, a, is keyed on the 
end of the paddle shaft, b, and a strong wrought-iron hoop, 
c c, lined with brass to diminish the friction, surrounds and 
slides over the periphery of the cast-iron disc. At one side of 
this hoop, at d, a projection is forged, in which the ey« is 




Friation Disconnecting Apparatus^ 

bored for the crank pin, and at the other side the hoop is 
swelled out to receive a brass cushion, e, inserted between the 
hoop and the cast-iron disc. Now, when this cushion is driven 
hard and tight against the periphery of the disc, by means of 
a strong key, /, the friction between the hoop (in which the 
crank pin is fixed) and the disc on the paddle shaft becomes so 
great that the former drags round the latter, and thus commu- 
nicates motion to the wheels. These are again disconnected 
by driving back the key, and by this means loosening the fric- 
tion cushion, when the hoop and the disc revolve each inde- 
pendently of the other. 
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This apparatus is by no means perfect, and gives much trou- 
ble at sea by the slipping of the hoop, notwithstanding that 
the key may have been driven as tight as possible. The hoop 
has also itself frequently given way, as the forging is a difficult 
one to make perfectly sound. 

MauMay*s. — Messrs. Maudslay and Field adopt the plan 
of sliding the paddle shaft, with the outer crank upon it, out of 
the crank pin, using for this purpose a worm wheel and cogged 
collar on the shaft, worked from the deck. 

Seaward* 8 Plan, — Messrs. Seaward form the pin end of their 
outer crank with a slot cut out of the thickness of the boss on 
the inside, the breadth of the slot being equal to the diameter 
of the pin, which is held fast by square keys in the boss while 
the engines are working. When it is wished to disconnect the 
wheels, the engines are stopped, and the keys withdrawn, when 
the boss of the outer crank clears and passes the pin by means 
of the slot, as the wheels revolve in their bearings from the re- 
sistance of the water. 
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CHAPTER XIII. 

THB SCREW PROPELLER. 

The Screw Propeller, its Introduction and Extension, — Dr. 
Shorter, a practical mechanic of this country, succeeded in 
propelling a vessel by a screw in 1802 ; but as no power was 
at that time known capable of driving his propeller with pro- 
per effect, it fell into oblivion. The first introducers of Watt's 
steam engine to drive a propeller, adopted the paddle wheel ; 
and its success, with such an agent to drive it, seems for a time 
to have drawn off the current of invention entirely from sub- 
merged propellers. Though other patents had been taken out, 
it was not till Captain Ericsson and Mr. F. P. Smith brought 
out their experimental vessels in 1837, that any real progress 
was made. Captain Ericsson's small vessel of 45 feet in length 
and 8 feet beam, and drawing only 2*feet 3 inches of water, 
towed the American ship Toronto, of 680 tons burden, on the 
Thames^ on 25 th of May, 1837, at the rate of 4^ knots per 
hoFar against tide> as authenticated by the pilot: and idso 
towed the Admiralty barge, with their Lordships, from Somer- 
set House to Blackwall and back, at the rate of about 10 miles 
an hour. To Captain Ericsson's anxious application, and after 
his pointing out the many advantages of a submerged propeller 
for vessels of war, he received the discouraging reply that their 
Lordships declined to entertain the project. Later in the sam^ 
year Mr. Smith made some very successful trips with his small 
boat and screw propeller between Margate and Ramsgate. The 
next screw vessel was the Robert Stockton^ in 1839, built by 
an American gentleman who had witnessed Captain Ericsson's 
experiments and taken a favourable and correct view of them. 
This vessel was eminently successful ; but the designer, find- 
ing himself still unable to move the Board of Admiralty, left 
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this country for America^ whither this vessel had proceeded^ 
determined to prosecute his invention there. In the meantime 
some influential mercantile men had connected themselves with 
Mr. Smith, with the view of purchasing his patent ; and the 
Archimedes, a vessel of 232 tons and 80-horse power, was 
brought out in 1840. The success of this vessel was com- 
plete, and the publicity given to her performances by her 
spirited owners^ who took her round Great Britain and showed 
her powers in every port, rendered the capabiUties of the screw 
no longer a matter of doubt. The Board of Admiralty having 
received most favourable reports of the performances of this 
vessel from Captain Chappel, who had accompanied her on 
this voyage, and from Mr. Lloyd, who had witnessed her per- 
formances in making several trips between Dover and Calais in 
competition with the mail steamers then running, now ordered 
the Rattler to be built on the same lines as the paddle-wheel 
steamer the Alecto, and with engines of the same nominal 
horse- power. The next screw vessel to be noticed whose per- 
formances influenced the progress of the screw as a propeller 
is the Dove, constructed at Liverpool, of iron, under Mr. 
Smith's direction. The speed realized, however, was not equal 
to what was expected if she had been fitted with paddle 
wheels: the owners were in consequence dissatisfied, and 
ordered her to be altered as quickly as possible to paddle 
wheels. She was built with very fine lines abaft ; and, most 
unfortunately, from this circumstance, and from some experi- 
ments in the Archimedes which had proved the possibility of 
negative slip, Mr. Smith, and those with him, on whose judg- 
ment as men of science he relied, took up the idea that fbll 
stem lines were the most advantageous for the screw. The 
Rattler was now tried ; and, after her trials had fully satisfied 
the Board of Admiralty, they ordered the construction of 
several additional screw vessels, and Mr. Smith inculcated his 
views in favour of full stems upon their different constructors. 
This was finally proved to be erroneous, and that a fine run, 
with a ready access for the water to the screw, and as clear an 
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escape for it abaft as possible, was absolutely necessary, and the 
whole of these vessels had to be altered at great cost. In the 
meantime the screw had risen most rapidly in favour with the 
public, and fast vessels had been constructed by Mr. Slaugh- 
ter, of Bristol, with Woodcroft's patent screw, and by other 
parties, as well as several auxiliary screw vessels. 

Since that time the screw has been universally adopted in 
the ships of the Boyal Navy, and its extension in the merchant 
service for all classes of vessels is also very marked. The fleet 
of the Peninsular and Oriental Steam Navigation Company 
affords a remarkable illustration of the favourable light in 
which the screw is regarded by our large steam ship com- 
panies. Formerly the whole of the extensive steam operations 
of this Company were conducted exclusively by vessels on the 
paddle-wheel system. Subsequently, the Directors were induced 
to apply the screw as a motive power in ships of moderate 
tonnage; the results being satisfactory, as instanced by the 
performances of the Madras, Bombay, Formosa, Chusan, and 
some other vessels, an inducement to a further extension of the 
principle was afforded, and the Bengal was built, a ship of 
2250 tons and 470-horse power. The success of this vessel 
having proved extraordinary, both in point of speedandeconomy, 
the Peninsular and Oriental Company announced its determi- 
nation gradually to discard the paddle wheel in the whole of 
its extensive service. Accordingly the following screw vessels 
were soon after built for the Company, viz. : — the Himalaya, 
of 3500 tons (since purchased by the Government for a troop- 
ship) ; the Simla, of 2600 tons ; the Candia, of 2200 tons ; 
the Colofttho, of 1900 tons; the Pera, of 2200 tons; the 
Nubia, of 2200 tons, and others. Several of the paddle steamers 
of this Company have even been altered into screws. 

As regards first cost of hull and machinery, economy of 
working, and stowage-room for cargo, the large screw steamers 
of this Company certainly contrast very favourably with the 
paddle-wheel steamers of tbe West India and Cunard's Trans- 
atl^tic hues, although for speed and regularity of transit the 
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latter have never been surpassed. That large screw steamers 
have been perfectly successful on the Mediterranean Hne^ ad- 
mits of no doubt, the only question now at issue being, whether 
the same vessels, if placed upon the more tempestuous passage 
across the Atlantic, could compete successfully in speed and 
regularity with fulUpowered paddle steamers, such as the Per^ 
sia and Atrafo, The fact that new steamers for those Trans- 
atlantic Unes continue to be built with paddle wheels, proves 
at least that the Directors of their Companiea are still doubtful 
of the expediency of a change. 

Efficiency of the Screw for War Steamers, — ^The value of 
the screw in vessels of war, not only as an auxihary, but also 
in full-powered steamers, seems to admit of but Uttle doubt. — 
A clear broadside for the guns ; the v comparative safety of the 
machinery from shot, owing to its low position ; the increased 
stability of the ship from the same cause, enabling her to carry 
heavier armament on the upper decks ; and the freedom of these 
decks from the machinery ; and finally, the power of arranging 
the masts, sails, and rig^ng, so as to make her an efficient 
sailing vessel, are advantages of such moment, that even if the 
speed realized were inferior to that obtained from paddle wheels, 
the adoption of the screw would still appear to be justified. 

Efficiency of the Screw as an Auxiliary in Sailing Vessels. — 
The screw, as an auxiUary propeller, to be used either in a 
calm, or in conjunction with sails in light or contrary winds, 
stands unrivalled. Several attempts have been made to adapt 
the paddle wheel and other propellers to this purpose ; but 
they have signally failed to meet the varying circumstances of 
the ship deeply laden, sailing light, or heeling over under a 
press of canvas. The efficiency of the screw, however, remains 
comparatively unimpaired under any of these circumstances. 

It must be admitted, however, that the screw has hitherto 
failed to realize any very decided advantage as an auxiUary to 
freight-ships -making long voyages (as to Australia and India), 
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h it has been very' successM in mercbant ships making 
jMssages to the Continental or Mediterranean ports. 

:he Common Screw, — An idea of a screw may be given by 
iposing a line or thread 
ound ronnd a cylinder^ and 
advancing along it in the di« 
rection of its length by a 
gradnal and equal rate of 
progression. This thread 
may be of any shape, either 
triangular, as in many cases, 
or it may be in the form of 
a thin plate of metal kept 
upon its edge» and wound 
round a cylinder of so small 
a diameter that it would no 
longer be called a cylinder, 
but would become a mere 
rod or spindle in the centre. 
This will probably be best 
understood by reference to 
the annexed diagram, which 
represents one thread of this 
kind wound round a spindle, 
and this is called a single-threaded screw. It will be at once 
evident that two, three, or more threads, if kept uniformly 
parallel to each other, may in the same manner be wound 
round the cylinder, and there is then produced a two-threaded 
or three«threaded screw accordingly. The properties of a screw 
of this kind were first investigated and made known by Archi- 
medes. 




Tke Pitch of a Screw. — Supposing that a line is drawn 
along the surface of a cylinder in the direction of its length, 
and that a line or thread as before, is wound round it, the dis- 
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tahces bet^veen tbe points where the thread crosses the longi- 
tudinal line^ and which are always the same^ is called the pitch 
of the screw. 



The Slip of a Screw. — If a screw be made to revohe in a 
solid^ as a carpenter's screw in wood, it is eiddent that it will 
progress in the direction of its axis the distance of its pitch for 
each reyolution, the latter portions following exactly in the 
course cut by the preceding or first entered portions of the 
thread. If, however, it be made to revolve in water, which is 
a yielding medium, the water wilHo some extent give way, and 
the screw will not progress the full amount of its pitch, this 
deficiency in itsr progress being denominated the slip of the 
screw. 

'' Negative Slip,'* as it has been termed, takes place when 
the vessel actually goes faster than the rate at which the screw 
which propels it would advance if revolving in a solid. The 
explanation offered is, that the vessels in which this occnrs 
have their after lines so badly formed for closing the water, 
that instead of the hull passing through the fluid with so little 
disturbance as scarcely to affect its condition of relative rest, a 
large body of " dead water " is created, which follows the ves- 
sel, being towed (as it were) in her wake. An opposing cur- 
rent, and therefore an increased resistance, is thus offered to the 
action of the screw. This seems to have the effect of annihi- 
lating the slip, the vessel appearing to outstrip the propeller by 
virtue of its advancing through still water (relatively to its 
own motion), while the screw revolves against an opposing 
stream. It cannot be supposed that in such a case the power 
of the engines is economically applied, as a much la^r por- 
tion of the power is expended in towing the dead water against 
which the screw re-acts, than is afterwards recovered by the in- 
creased effect of the screw. Thus, if the rate of progression of 
the screw be 10 knots through a solid, and if a current flows 
against it at the rate of three knots, this will be equal to a real 
progression of 13 knots for the screw, and we need uot be 
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much surprised if the speed of the vessel, under these circum- 
stances, exceeds the apparent speed of the screw hy perhaps 
one knot per hour. Anomalies of this kind most frequently 
occur in auxiliary screw steamers, where the vessel, after at- 
taining a high velocity hy sails alone, still continues to derive 
additional assistance from the screw, although its speed may 
not equal that of the vessel. 

Dragging the Screw, — In such vessels, therefore, it does 
not always follow that the engines are no longer useful after 
the speed attained hy the sails is equal to the progression of 
the screw, hut the engineer should under these circumstances 
watch the thrust of his propeller shaft very narrowly, as 
there must he a limit to this in all vessels carrying a large 
spread of canvas. If he find the thrust to cease, he will then 
know that the screw is " dragging," and will recommend his 
commander to discontinue the use of the engines, as heing no 
longer serviceahle. Direct evidence of the screw "dragging" 
has been obtained by the fact of a propeller having been car- 
ried away hy the strain brought upon it frbm the velocity of 
the ship due to the sails, exceeding the velocity of the screw. 
The rupture in this case clearly showed that the blade, which 
was of iron plate, riveted upon a wrought-iron arm, was torn 
off backwards by the drag brought upon it. 

Dieconnecting the Screw. — It is usual in the Government 
service, as well as in auxihary screw merchant ships, to pro- 
vide means for disconnecting the screw when the ship is under 
canvas. This is usually effected by having a hollow trunk 
constructed over it in the stern of the vessel, into which the 
screw is lifted, by proper machinery, entirely out of the water, 
the outer screw shaft fitting into a vertical frame of gun metal, 
which rises along with it. This will be best understood by 
reference to the annexed woodcut, which is a section of the 
stem of a vessel so fitted. The screw is disconnected either 
by withdrawing the driving shaft out of a socket in the screw 

H 3 
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shaft, or, which is the better plan, by forming a coupling on 
the end of the driving shaft, into which the screw shaft fits 
and adjusts itself when sUpped down between the guides on 
the trunk. The screw is then retained in its position by a 
catch pressed down from above upon the gun metal frame 
supporting the bearings, as well as by its own weight. The 
screw is raised into or through the trunk by pulleys and ropes 
worked by the capstan, though an hydrauUc apparatus has 
been sometimes employed ; the weight of the screw and its 
shaft being supported by a pawl and rack on each side of the 
trunk. In some cases, the screw is only capable of being dis- 
connected from the engines, and left free to revolve by the 
action of the water upon it, from the motion of the vessel ; 
whilst in other vessels a contrivance is introduced to place the 
blades in a fore-and-aft direction, so that they may Ue within 
the dead wood of the vessel, and present little or no project- 
ing surface to impede her progress, or affect her steering. 
In adopting the latter plan it is of course necessary to use 
a two-.bladed screw. 

Many screw vessels are fitted with a corneal friction-clutch, 
or coupUng, for disconnecting the screw at sea, or connecting 
it again without stopping the vessel. As this apparatus is 
liable to cause accidents if not very cautiously used, it is better 
not to be fitted in vessels which do not frequently require to 
disconnect the engines. 

The Propelling Power of the Screw. — If the spindle of the 
screw (see fig. in page 151) be supposed to be passed through 
the side of a box filled with water, and made to revolve there 
without the power of moving in the direction of its axis, it 
will send the water away from it with a certain amount of 
force, and hence, as action and re-action are always equal, the 
screw is pushed forward with this amount of force; and, if it 
were attached to a ship, the ship would thus be propelled. 
The reverse of this action would take place, and the ship 
would be pulled backwards, if the screw were made to revolve 
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SECTION OF STERN OF SCREW VESSEL IN THE ROYAL NAVT, ^HOW- 
INO THE TRUNK OR A PORTION THROOOH WHICH THE SCREW IS 
RAISED OUT OF THE WATER WHEN DISCONNECTED. 
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in thcf opposite direction. From the number of revolutions 
which a screw propeller of a known pitch makes in a minute> 
the progress which it would make in an hour is calculated ; 
and, if the speed of the ship be found by observation to be 
less than this, the difference is the sHp. 

The mechanical contrivance for receiving the thrust of the 
screw, and communicating it to the vessel, is sometimes what 
is termed a "thrust block," of steel, attached to some strong 
portion of the engine framing, against which the end of the 
screw shaft presses as it revolves; sometimes a ''collared 
bearing" on the screw shaft. This bearing (generally the 
one next the engine) is made of an extra length, and is turned 
with a series o^' projecting collars or square rings, (six or 
eight perhaps) which fit into corresponding grooves in the 
brass hnings of the pedestal or pillow block. Collared bear- 
ings are now considered preferable to the old-fashioned thrust 
block. Conical rollers are sometimes used for this purpose. 



rW 



Explanation of the Term " Screw Blade'' — If the screw 
(see fig. in page 151) be cut into any number of portions by 
planes passing across it at right angles to the axis, which 
would be represented in 
the figure by lines, any 
one of the portions would 
have the appearance of 
the vane of a windmill; 
and, if the screw were 
two-threaded, the vanes 
or blades would be ex- 
actly opposite each other, 
as in the annexed wood- 
cut, which represents a 
two-bladed screw, as used 
in propelling. The screw 
here represented is about 
one-sixth part only of the whole leiigth or pitch of the full 
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turn of the screw shown at page 151« this small fraction 
of the pitch being prored sufficient^ in most cases, to absorb 
the whole power of the engines. 

To find the Pitch of a Screw Blade. — This operation pro- 
ceeds upon the fact, that if a line representing the circum- 
ference of the screw's disc at its extreme diameter, and ano- 
ther representing the pitch of the screw, be drawn at right 
angles to each other, to a scale of parts, the hypotenuse of 
this right-angled triangle will represent the length of the 
winding thread. After measuring the diameter in order to 
£nd the circumference from it, the length of the blade along 
its periphery is to be measured, this being a portion of the 
hypotenuse of the triangle whose sides we wish to determine ; 
then measure the distance that one comer of the blade is 
before the other in the line of the axis, and this being a por- 
tion of the pitch, is a part of another side of the triangle. 
Now, two sides of a right-angled triangle being known, the 
third can be found in this case by subtracting the square of 
the side from the square of the hypotenuse, and finding the 
square root of the remainder ; and the dimension so foand will 
represent a portion of the circumference. And now, as this 
portion of the circumference is to the whole circumference, so 
is the portion of the pitch as measured, to the whole pitch. 

Varieties of the Screw Propeller, — A great variety of 
patents for screw propellers were taken out, not only before, 
but also largely since the success of Captain Ericsson and 
Mr. Smith ; but it is proposed here to refer only to those 
which have been found successful on trial, and which seem to 
promise to be of any practical utility* The propellers formed 
of pdrtions of a true screw, have been already described, and of 
these Smith and Lowe claimed to be the patentees ; the latter 
party having taken out a patent in September, 1838, for the 
use of one or more screw blades, similar to what are now gene- 
rally employed. 
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Woodcroft*8 Screw. — Professor Woodcroft, in his patent of 
1832, prior to Captfiin Ericsson and Mr. Smith, proposed a 
screw of such construction that the pitch or distance hetween 
the revolutions of the thread should continually increase 
through its whole length, with the view that the after part 
might act with greater efficiency on the water that had heen 
previously acted upon hy the foremost part. 

He fell into the error into which Mr. F. P. Smith also sub- 
sequently fell, of supposing that one full turn or more of the 
thread was requisite to make an efficient propeller ; and no 
practical progress was made with his invention, till the first 
experimental vessels already referred to had been tried and 
found to be successful. Woodcroft then reduced the length 
of his screw to that of Lowe's blades, and a trial was made 
with it in the Rattler, when the following results were ob- 
tained, in comparison with a propeller of similar proportions, 
but whose blades were portions of a true screw : — 



Number of Blades 

Diameter of Propeller 

Length of ditto 

Pitch of ditto 

Strokes of the Engine per minute . . . . 
Mean pressure of Steam, bj Indicator. 

Horse-power, by Indicator 

Speed of Ship 



True Screw, 

18th of March, 
1844. 



4 

9 ft. Oin. 

1ft. 7 in. 

lift. Oin. 

26-28 
14-38 
459-00 
8-180 



Woodcrqft's 
Screw, 

13th of April, 
1844. 



4 
9ft. Oin. 
1ft. 7 in. 
lift. Oin. to 
11-55 ft. 
24152 
14-57 
428-76 
8-159 



To compare these results, we know that if both propellers 
were equally efficient, the speed should be as the cube roots of 
the powers exerted ; — now if 459 horse-power gave a speed of 
8*180, to find what speed 428- 76 ought to give, we must use 
the following proportion, v^ 459 : ^428^ :: 8-1807-9962. 
But instead of 7*9962 knots, Woodcroft' s screw with this 
power gave a speed of 8* 159, or nearly ^ knot more, thus 
proving its superiority to this extent in this case. 
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GriffitKs Screw Propeller, — This is probably the best mo- 
dification of the common 
screw which has yet been 
produced. Its chief pecu- 
liarity consists in a large 
hollow sphere, B, being sub- 
stituted for the central por- 
tion of the blades of the 
ordinary screw, the blades, 
AAA terminating upon the 
said sphere instead of upon 
the usual boss (see p. 151). 
It has been found by expe- 
riment that the central portion of the^ blades of the common 
screw absorbs nearly twenty per cent, of the propelling power, 
without giving out any useful effect, in consequence of that 
portion of the blades (particularly in coarse-pitched screws) 
being nearly in a line with the shaft, so that the water is 
thrown off at right angles, and seriously disturbs the more 
solid water, upon which the outer and more effective portion 
of the screw is about to act. The use of the sphere, therefore, is 
to fill up the space otherwise occupied by the central portion 
of the screw blades, a smooth globe of this kind revolving in 
the water with comparatively little friction or resistance. 

It is found also that the vibrations which accompany the 
revolutions of the ordinary screw are considerably lessened by 
this contrivance, this destructive vibration being chiefly caused 
by the flatter portions of the screw blades near the root strik- 
ing the water, with a tendency at the same time to elevate 
the stern of the^ vessel, at a considerable sacrifice of power. 

The second feature in Griffith's propeller consists in the 
peculiar form of the blades, which, unlike the common screw, 
are larger towards the centre and smaller at the extremities. 
The diameter of the sphere being one-third of the whole dia- 
meter of the screw, the breadth of each blade at the root is 
^qual to the full diameter of the sphere, tapering to two- 
third? of this size at the periphery, where they are only about 
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one-third of the breadth of the ordinary screw blade. The ob- 
ject in reducing the blades at the extremities is, to compensate 
for the varying velocity with which the different parts of the 
blades travel through the water. 

There is still another feature in this propeller, namely, the 
power of altering the pitch or angle of the blades (whether at 
sea or in harbour) by a suitable arrangement of apparatus 
contained within the hollow sphere ; or, if it be wished to stop 
the engines and sail under canvas, the blades may be fea- 
thered (as in Maudslay's feathering screw) so as to present 
their edges to the water, and thus cause the least amount of 
resistance to the ship. The engineer t)f the vessel has by 
this means the power of controlling the speed of the engine 
within certain limits, by increasing or reducing the pitch of 
the screw ; or if the vessel be sailing and steaming at the 
same time, he can always command a thrust from the screw 
by increasing the pitch in proportion as the sailing velocity 
increases. In practice, this screw is frequently made without 
the arms being movable, for the sake of greater simplicity 
and strength. The power of varying the pitch of a screw at 
sea is not found to be so valuable a property as theory would 
lead us to expect, and even when possessed, is rarely resorted 
to ; — ^besides, it is evident that by merely altering the angle 
at which the blades are set, we do not properly alter the 
pitch, since they .can form portions of a true screw in one posi- 
tion only, namely, when set to the angle due to the pitch for 
which they were originally moulded. 

When the blades of Griffith's screw are made movable, 
the fracture of one of them (an accident of frequent occur- 
rence with all screws) is repaired by shipping a new blade 
only, which weighs about one-sixth part of the whole screw. 
In the merchant service this propeller is usually made with 
three blades, but when employed in the Royal Navy, it is 
made with two blades only, for convenience of lifting through 
the vertical trunk (see page 155). The subjoined Tables show 
the results of experiments made with this propeller in oona« 
parison with the common screw, in H. M. Tacht Fairy. 
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The following experiments were made at the measured mile 
at Stoke's Bay, with the auxiliary screw steamer Dane, in order 
to determine whether Griffith's screw should he substituted for 
the common screw in that Tcssel. 

The Dane is an iron vessel of 532 tons, builder's measure- 
ment, and 60 horse*power (nominal). 

Diameter of cylinders, each 24^ in. 

Length of Stroke, 3 ft. 

Length of vessel between perpendiculars, 177 ft. 

Extreme breadth, 24 ft. 6 in. 

Depth, 16ft. 7 in. 

Draught of water at both trials, 12 ft. aft, and 9 ft. forward. 

Pressure of steam in the boilers, 13 lbs. 

At the trial of February 20th, 1857, the Dane was fitted 
with a common three-bladed screw of the following dimen- 
sions : — Diameter of the screw, 10 it. 6 in. Pitch of screw 
(uniform), 18 ft. Length on screw shaft, 2 ft., the ends 
of the blades cut to a semicircular form. With this screw the 
mean average speed obtained was 8' 5 knots per hour for the 
speed of the ship; the engines making 58 revolutions per 
minute. 

At the trial of February 25th, Griffith's two-bladed screw 
was fitted, having the following dimensions: — Diameter of 
screw, 10 ft. 6 in. Pitch (uniform), 18 ft. 6 in. Length on 
screw shaft, 2 ft. The total propelling surface of the blades 
being 20 square feet. The blades of this screw were cast 
solid on the sphere, no provision being made for shifting or 
feathering. With this screw the mean average speed obtained 
was 8' 67 knots per hour, the engines making 63 revolutions 
per minute. 

When the speed of the engines was reduced to 58 (the same 
as on first trial), the vessel's speed fell ofi^ to 8 knots. 

The vibration caused by Griffith's screw was decidedly less 
than from the first screw. 

Notwithstanding that this result does not show any decided 
superiority for Griffith's screw, the owners of the Dane deter- 
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mined upon giving it a trial ; and they are now so well satisfied 
with its performance at sea, that they are ahout to adopt it 
in all the vessels of the Union Screw Company. When the 
ship is sailing under canvas, and Griffith's screw is placed in a 
position with its two hlades vertical, it is found to obstruct the 
vessel's way less than any other screw with fixed blades, so 
that neither a disconnecting apparatus, nor trunk for lifting 
it out of the water, is required. In the case of vessels fitted 
without these appliances,, therefore, this must prove a valuable 
property for a screw to possess. 

EricasorCa Propeller, — Captain Ericsson's propeller consists 
of a number of blades fixed at a distance from the axis, upon 
the periphery of a short cylinder, or ring of metal ; the ring be- 
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ing united to the axis by two or more arms. 
It is here represented. Both M. Carlsmid 
and M. Sorenson of the Swedish navy are 
using A similar screw, but with the ring on 
the periphery or exterior of the blades. 
The blades and arms are segments of a 
screw, and there is nothing to prevent this 
being a most efficient propeller. It seems 
to continue in favour in America and in 
France; but the great objection to it in 
this country is, the difficulty of removing 
it, or preventing it from retarding the ves- 
sel when she is placed under canvas. Cap- 
tain Ericsson at first used two of his propellers 
acting in combination, but he soon found 
that one was sufficient. 



Maudslay's Feathering Screw. — ^This screw is represented in 
the following page. The object sought to be attained is, that 
the blades, whenever the vessel is put under canvas and the 
screw not required, should be placed in a direction parallel 
with the line of the keel, and so form as it were a portion of 
the dead wood, as they cause considerable obstruction if per- 
mitted to remain fixed in their position, or even though they be 
disconnected from the engine and allowed to revolve. In 
auxiliary sailing vessels not fitted with a tnmk or aperture for 
the purpose of raising the screw out of the water, this is par- 
ticularly valuable ; but it will also be found useful in men-of- 
war, by lessening the width of the trunk through which it 
has to rise, if this be desired, and also by the faciUty which 
it gives, in emergencies, for placing a vessel quickly under 
canvas, or under steam, without requiring the aid of the crew, 
and also for placing the vessel under canvas .when it may not 
be possible to keep the engines at work, from their having 
been injured by shot or any other cause, and when it may at 
the same time be imperative to keep the screw down in its 
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MAUDSLAY'S FEATHERING SCREW. 

lit. In position /br tue as a PropeUer. 

2nd, In position for sailing under canvas alone. 
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place, to permit the stem guns to be used over the aperture of 
the trunk. The blades are locked in the vertical position by 
means of a catch and screw passing through the stern of the 
vessel, as shown in the woodcut. 

Hodgwn*9 Parabolic Propeller, — This propeller is con- 
structed with two blades, placed at an angle to the centre line 
of the axis, but differing essentially from the blades of a true 
screw, or of Woodcroft's screw, in their being hollow on the 
face, and being bent backwards in such a form as to be por- 
tions of a parabola. It is now much adopted in Holland. The 
pecuhar principle of this propeller lies in this, that whereas 
the Kne of the action of other propellers upon the water is 
parallel to their axes, and the particles of water when driven 
off assume the form of a cone diverging as they recede ; the 
water acted upon by the paraboUc propeller, when driven off 
from each blade, is projected by the nature of the parabolic 
curve to its focus in the line of its axis. The water is there- 
fore forced towards the centre, and exerts a greater amount of 
resistance from its not being so readily thrown up to the sur- 
face in the hue of least resistance, where it escapes in the form 
of broken water. 

Maeintaeh's Elastic Propeller, — ^This propeller is constructed 
with flexible blades of steel, in such a manner that, when made 
to revolve, the action of the water in pressing against them to 
propel the vessel, bends or springs their faces back, so as to 
make them approach nearer to a disc at right angles to its 
axis ; and it is understood that Mr. Macintosh, if he could 
construct his blades to be so very flexible, would desire that 
they should be so bent as to assume this form when revolving at 
their highest velocity. In this case the propulsion of the vessel, 
instead of being obtained on the principle of the screw, maybe 
looked upon as being obtained by the elastic spring or ten- 
dency of the blades to recover their form, thus keeping up a 
constant pressure upon the water behind them, and forcing the 
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vessel forward. The higher the Telocity of revolution is, the 
more the blades will be bent back, and the greater will be their 
propelling force, until thej assume the form of a disc, when 
any further velocity would cease to produce additional effect. 

Comparison of the Flexible Propeller with the Action of a 
Fish, — ^The tails of three fishes— ^salmon, mackerel, and her- 




ring — that swim at high velocities, are here represented ; and, 
if the mode of their action be considered, it is conceived that it 
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will be seen to resemble that of Macintosh's propeller more 
than that of the Archimedean screw. When the tail of the 
fish is moved to the right, the web, or thm finny part, is bent 
to the left, on accoimt of its weakness in comparison with the 
stronger parts near the body ; and ft is conceived that it is 
from the water pressing upon this oblique portion, while it 
keeps it bent back in opposition to the force exerted by the 
fish to send it to the right, that the motion is obtained. 

In the Application of the Screw, fine After Lines are indis- 
pensahle. — "With regard to the application of the screw pro- 
peller, it is now well understood that the after lines of the ves- 
sel must be kept as fine as practicable just before the screw, 
the body of the vessel terminating, if possible, at the inner 
stem post, so as to avoid the flat surface, or ** square tuck," 
which occasioned so much disquietude to our dockyard en- 
gineers upon the first introduction of this principle. It was 
then shown by experiment with the Dwarf that the filling out 
of the lines immediately before the screw produced a most in- 
jurious effect upon the speed of the vessel ; and those of the 
Admiralty screw steamers which have had their lines fined 
away there, have since advanced in speed by several knots 
an hour. The experiments recently tried on the Flying^fsh^ 
by attaching false after lines of great sharpness to her 
body, show that at high velocities her speed was advanced by 
this means about one knot per hour, although at low speed 
(as might be anticipated) the gain was not so apparent. 

In wooden vessels, the edges of the screw aperture are 
strengthened with gun-metal castings, by means of which a 
sharper finish can ,be given to them. And it is chiefly in 
this point of view that iron vessels have shown themselves 
better adapted for the screw propeller than wooden ones, 
in consequence of the extreme fineness to which they may be 
tapered at the stem-post, with a due regard to strength. 

Diameter of Screw, — The diameter of the screw should, in 



170 SCREW PROPELLER. [CHAP. 

most cases, be made as great as the draught of water will ad- 
mit, and for running in smooth water its upper edge need not 
be more than a few inches beneath the surface. In the case 
of sea-going vessels, it is preferable to keep it 18 inches or 2 
feet below the mean surfkce of the water. 

Area of the Screw. — By the area of the disc of the screw 
is understood the area of the circle described by its extreme 
diameter. When the area of the blades is spoken of, their 
actual oblique surface should always be specially distinguished 
from the plane projection of the resisting surface. This latter 
measurement, as representing the actual amount of surface 
directly employed in the propulsion of the vessel, is probably 
the most important of these areas. The Dwarfs experiments 
show that the speed of this vessel gradually increased a little 
as the length of her screw was diminished from 2 feet 6 inches 
to 1 foot, the area corresponding to each length being 22*2 
and 8*96 square feet respectively. It appears at first sight 
remarkable that so great a variation in the resisting surface 
should cause so little disturbance in the speed of the engines 
or of the vessel, thus showing very plainly how small a seg- 
ment of the whole *' pitch " is required to absorb all the power 
which the re-action of the water is capable of imparting. The 
fact seems to be, that the water in which the screw revolves ac- 
quires very soon the same rotatory motion with the screw, and 
as its resisting power is thus destroyed by the action of the 
leading part of the thread only, any additional length of screw, 
after the power has been absorbed, only retards by friction. 
The Rattler^ s experiments, conducted by the Engineering De- 
partment of H. M. Dockyard at "Woolwich, were commenced 
with a screw 5 feet 9 inches long, which was gradually short- 
ened, followed always by an improvement in the speed of the 
vessel, until it reached its present length of only 15 inches. 
The result of numerous experiments has led to the now very 
generally received opinion, that the length of the screw should 
be about one- sixth of its pitch. 
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Relative Value of Coarsely or Fine pitched Screws. — ^The 
question between the relatWe values of fine and coarsely pitched 
screws appears to be as yet quite undecided. The equally good 
results that have been obtained (more especially in the mer- 
chant service) by the use of coarsely pitched screws running at 
a comparatively low speed, and very finely pitched screws run- 
ning at a great velocity, tend to the conclusion that a variation in 
pitch is not of much practical importance within certain limits. 

Extent of Slip of the Screw. — The diameter of the screw 
and the speed at which it is driven, modify in a great measure 
the amount of slip, which is usually found to diminish in pro- 
portion as the diameter and velocity increase. Thus, the diame- 
ter of the Rattler's screw during her experiments was 10 feet, 
and the average slip 15 per cent., while the Dwarf ssid Fairy, 
with screws of between five and six feet diameter, showed an 
average slip of about 35 per cent. The slip is also affected by 
the form of the vessel's run and the manner in which the 
water closes in upon the screw, so that it is necessarily very 
uncertain, and will probably vary in every ship. 

As the experiments made with the Rattler are probably the 
most extensive and valuable series of experiments on screw- 
propulsion which have yet been made, an epitome of the prin- 
cipal results obtained from them is here subjoined. 

Dimensions of the Vessel, — The Rattler has the following 

dimensions, viz. — 

ft. in. 

Length between the perpendiculai's • 176 6 

Length on keel 157 9i 

Breadth of beam 32 8^ 

Depth in hold 18 7i 

Burden in tons, builder's old measurement . . . 888 0^ 

Mean draught of water during trials 11 3 

Horses' power, 200 ; Maudslay, Sons, and Field, engineers. 
Speed of the engines is multiplied by gearing 4 times, nearly. 
The weight of ballast carried during the trials was ^ 132 tons. 

Ditto of coals 122 „ 

I 2 
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Experiments. — Feb. 3, 1844. With a two-threaded com- 
mon screw, 9 feet diameter, 3 feet long, and 1 1 feet pitch, the 
yessel made 9*25 knots; the engines making 26*8 reyolutions 
per minute, and the screw 106 ; slip, 19*5 per cent. 

Feb. 9. With a three-threaded common screw of the same 
dimensions as the last, the speed of the vessel was reduced to 
8*23 knots ; the engines making 24*2 revolutions, and the screw 
94-3; slip, 19*66 per cent. 

Feb. 23. When the last screw was shortened to 1 foot 7i 
inches, the vessel's speed increased to 8 '5 7 knots ; the engines 
making 24*8 revolutions, and the screw 98-4; slip, 19*7. 

Feb. 28. With a two- threaded common screw, 10 feet dia- 
meter, 3 feet long, 1 1 feet pitch, the vessel made 8*958 knots ; 
the engines making 24 revolutions, and the screw 95 ; slip, 
13*8 per cent. 

March 1 1 . When the same screw was shortened to 2 feet, 
the vessel's speed increased to 9*448 knots ; the engines making 
25*5 revolutions, and the screw 107 ; shp, 13*5 per cent. 

March 18. With a four- threaded common screw, 9 feet 
diameter, 1 foot 7 inches long, and 1 1 feet pitch, the vessel's 
speed was 9*18 knots; the engines making 26*3 revolutions, 
and the screw 104*4 j slip, 27*7 per cent. 

April 13. With a four-threaded Woodcroft's increasing 
pitch screw, of the same dimensions as the last, the pitch vary- 
ing from 1 1 feet forward to 1 1 feet 6 inches aft, mean 1 1 *275, 
the speed of the vessel wa% 8' 159 knots ; the engines making 
24*15 revolutions, and the screw 96 ; slip, 23*5 per cent. 

April 18. With the same screw as the last, but with two of 
the blades cut off, the vessel's speed advanced to 8*63 knots ; 
the engines making 27*07 revolutions, and the screw, 107*5 ; 
slip, 25*97 per cent. 

April 23. With Smith's or common screw (of cast brass), 
9 feet diameter, 1 foot 2 inches long, and 1 1 feet pitch, three- 
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threaded, the vessel's speed was 9*88 knots ; the engines making 
27*39 revolutions, and the screw 108*4 ; slip, 15*97 «per cent. 
Air quite calm. 

June 13. With a common two- threaded screw, 10 feet dia- 
meter, 1 foot 6 inches long, and 1 1 feet pitch, the speed of the 
vessel was 9*81 1 knots ; the engines making 27*92 revolutions 
per minute, and the screw 1107 ; slip, 18*3 per cent. 

June 27. The same screw as last, reduced in length to 1 
foot 3 inches, gave a speed of 10*074 knots for the vessel ; the 
engines making 26*19 revolutions, and the screw 103*97 ; shp, 
10*42 per cent. 

Note, — This is the most favourable result obtained during 
the experiments. 

October 10. "With Mr. Sunderland's propeller, 8 feet in 
diameter, the vessel's speed was 8*38 knots; the engines 
making 17*49 revolutions, and the screw-shaft 69*97. 

October 12. With Mr. Steinman's propeller, 10 feet 1 inch 
diameter, the vessel's speed was 9*538 knot^; the engines 
making 25*06 revolutions, and the propeller 104*24; the pitch 
11 feet 6 inches ; slip, 29*32 per cent. 

October 17. With the common screw, 10 feet diameter, 11 
feet pitch, 1 foot 3 inches long, the speed of the vessel was 
9*893 knots ; the engines making 27*03 revolutions, and the 
screw 108*12; slip, 15*65 per cent. 

The experiments show, therefore, that the common screw, of 
the dimensions last quoted, gave a higher result than either 
Mr. Woodcroft's, Mr. Sunderland's, or Mr. Steinman'.s. 

Thrust on the Dynamometer. — Experiments were made 
during the last three trials, to ascertain the actual thrust of the 
screw in propelling the ship, by observing the pressure on the 
spring of the dynamometer fitted to the end of the shaft. The 
results were as follows : — 
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October 15. With Sunder- 
land's screw, the speed of the 
vessel being 8*346 knots, the 
pressure on the end of the shaft 
was 2*88 tons ; the horse-power 
calculated by the dynamometer 
being 164*9, and by the indica- 
tor 320 horses — the ratio of the 
two powers being as 1 : 1*94. 
When the speed of the vessel 
was reduced to 6*698 knots, the 
pressure on the end of the shaft 
was 1*86 tons, equal to 85 '85 
horse power by the dynamome- 
ter, the indicator showing 173*2 
H. P. 

October 12. With Steinman's 
screw, the speed of the vessel 
bejng 9*537 knots, the pressure 
on the end of the screw shaft 
was 3*35 tons ; the horse-power 
calculated by dynamometer be- 
ing 219, and by indicator 452 
— the ratio of the two powers 
being as 1 ; 2*7. 

October 17. With the com- 
mon screw, the speed of the 
vessel being 9*893 knots, the 
pressure on the end of the 
screw-shaft was 3*61 tons ; the 
horse-power calculated by dy- 
namometer being 245, and by 
indicator 465*6 — the ratio of 
the two powers being as 1 : 1*9. 

Loss of. Speed by Expansion 
Gear. — Experiments were like- 
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wise made with the expansion- gear of the Rattler^ s engines, 
to ascertain the loss of speed in the engines caused hy apply- 
ing successively each of the expansion cams. The stroke of 
the engines is 4 feet, and the sUde yalve was set to cut off one- 
quarter of the stroke, or one foot. The expansion cam has six 
steps, each cutting off four inches of the stroke ; so that when 
the last step is working, the steam is expanded for three feet, 
or three-quarters of the stroke. 

With the 

1st step of the cam, the engplne made 25 '2 double strokes per minute. 

2nd 

3rd 

4th 

5th 

6th 

Each of these experiments lasted five minutes, the mean heing 
then taken. 

Power consumed in driving her Machinery, per Indicator. — 
Another set of experiments were made with the indicator, to 
ascertain the amount of power consumed in driving the 
Rattler's machinery. The results were as follows : — 

I. Without any gearing attached, the mean working pres- 
sure on the piston (taking the mean of hoth engines) was 
I'l lb. per square inch, the engines making 26 revolu- 
tions per minute, and the vacuum in the condenser being 
28 inches. 

II. With the gearing and screw shaft attached, but with the 
straps slack, the mean pressure was 1*67 lb., the engines 
making 25 revolutions, and vacuum in the condenser 
28|- inches. 

III. With gearing and screw Shaft attached, and straps 
tightened (but the screw not in gear), the mean pres- 
sure was 2*24 lbs., the engines making 25 revolutions, and 
the vacuum in the condenser 28} inches. 
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IV. With Woodcroft's four-threaded screw in gear, the 
mean working pressure indicated was 14*57 lbs., the en- 
gines making 24' 85 revolutions. 

V. With the three-threaded screw in gear, the mean work- 
ing pressure indicated was 14 38 lbs., the engines making 
26*2 revolutions. 

The Dwarf's Experiments, — In connection with this sub- 
ject there will be found at page 1 95 a Table of Experiments with 
Her Majesty's Steam Tender D«7ai/(of 164 tons and98-horses 
power), undertaken at Woolwich in the year 1845, to deter- 
mine the best relative proportions for the screw propeller, with 
regard to pitchy lengthy and area. The whole of the screws 
used in these trials were true Archimedean screws. From 
this Table it appears that the most favourable results were 
obtained from a double-threaded screw of 5 feet 8 inches 
diameter, with a pitch of 8 feet, the length of segment being 
18 inches, and the area 13*3 square feet ; and it is remark- 
able that in the experiment following this, when the length of 
the screw has been reduced to 12 inches, and its area to 8*9 
square feet, there is scarcely any appreciable variation in the 
resulting speed of the vessel or screw. 

Tables of Screw Steamers and their Machinery, — ^Amongst 
the Tables at the end there will also be found 
Tables of the Dimensions of Screw Steamers and their 

Machinery, in the Royal Navy. 
Tables of the Principal Dimensions of Merchant Screw 

Steamers and their machinery. 
Government Formula of Specification for Marine Steam 

Engines with Screw Propellers. 
Tender to the Admiralty for Marine Engines, with Screw 

Propellers, of 450 horses' power. 
Admiralty List of Tools and Spare Gear required with 

those Engines, etc. etc. 



CHAPTER XIV. 

REMARKS ON THE PRESENT POSITION OF THE SCREW 
AS A PROPELLER. 

Notwithstanding the undoubted improvements which have 
of late years been effected in the application of the screw pro- 
peller, and the experience we have now had of its operation 
when applied to different descriptions of vessels under every 
variety of circumstance, the position which it holds^ either as 
an antagonist to the paddle wheel or as a substitute for the sails 
of a ship, is still far from being well defined. For ships of the 
Royal Navy its superiority is so unquestionable that it were 
needless to raise any objections to it. In the merchant ser- 
vice, however, it has a harder battle to fight before it can 
wholly supplant the paddle wheel. 

1. To begin with the class of full powered sea-going 
steamers, it seems that the paddle wheel is still the favourite 
on the majority of our mail routes, as on the West Indian and 
Transatlantic lines ; while, on the other hand, the screw is 
supplanting its rival in the Mediterranean and Indian Ocean. 
When we consider ,that the directors of our various steamship 
companies have at their command the best engineering talent, 
and the greatest nautical experience, which the country can 
produce, as well as being themselves deeply interested in the 
determination arrived at, we may conclude that there is a 
reason for this diversity of opinion ; the probable explanation 
being, that the screw is found to perform best in the compara- 
tively smooth seas of the Mediterranean and the Indian Ocean, 
and the paddle wheel best in the long swell and boisterous 
weather of the Atlantic. 

The worst feature of the paddle wheel in this class of vessel 
is, the great variation in the dip, as the coals are expended, 

i3 
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steam or horses. The disturbance is mtteh increased in pass- 
ing through shallow water, when the boat is said to " drag the 
bottom," a large proportion of the engine power being then 
uselessly expended in displacing the water. 

With regard to that anomaly, the Great Eastern, we anti- 
cipate an engineering triumph and a commercial failure. 

By referring to the Table at page 210 in the Appendix (the 
materials foj compiling which have been kindly suppHed by 
Captain Ramsey, R.N., Admiralty Superintendent of Mail 
Packets at Southampton), we are enabled to compare at a 
glance the actual performance of sbme of the best and largest 
screw and paddle steamers afloat ; the average speed of each 
vessel during her outward and homeward voyage being given, 
as well as the knots run by each steamer for one ton of coals 
consumed. These results show a great economy in the con- 
sumption of fuel in favour of the screw steamers of the Penin- 
sular and Oriental Company, when compared with the paddle 
steamers of the Royal Mail Company, but it must be remem- 
bered that the latter are larger and heavier vessels, of greater 
displacement and carrying powers. The number of knots run 
for each ton of coals (as given in the Table) being irrespective 
alike of displacement and speed, an allowance must be made 
for these essential conditions, in comparing results of different 
steamers. It is interesting to observe how well the formula, 
that "the speed varies as the cube root of the power" (or 
consumption of fuel), is fulfilled in practice. 
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TABLE No. I. 

ADMIRALTY FORMULA OF SPECIFICATION FOR MARINE 
ENGINES, WITH PADDLE WHEELS. 

Specification of certain jPaHiculars to he strictly observed in 
the construction of a pair of Marine Steam-JEngines with 
Paddle Wheels, referred to in the Admiralty Letter on Ser 
Majesty s Service* 1845. 

The tenders are to be made (in triplicate) on the accompanying 
printed forms, every particular in which is to he strictly and 
ca/refully filled up; and all drawines, models, and boxes contain- 
ing them are to be distinctly marked with the names of the parties 
transmitting them. 

The whole weight of each pair of engines, including the boilers 
(with the water in them), the coal boxes, the paddle wheels, the 
spare gear, the floor plates, ladders, guard r^, and all other 
articles to be supplied under the contract, is not to exceed 190 
tons. 

The coal boxes (in the space of the engine room) are to contain 
eight days* coal, computed at 8 lbs. per horse-power per hour, and 
at 48 cubic feet to the ton. Sufficient details of the coal boxes 
are to be shown in the drawing to enable a computation of their - 
contents to be made. In this computation the space below liie 
deck to the depth of six inches is to be excluded, to allow for the 
space occupied by the beams, and for the difficulty of completely 
fillin g the boxes with coals. 

To avoid the possibiHty of mistake in the dimensions given in 
the drawings furnished to the respective parties, it is to be under- 
stood that-— 

The length of the engine room, in the clear, is not 

to exceed 48 ft. in. 

Breadth of ditto 1 a i. 

Depth of ditto [ As shown m 

The centre of the shaft above the water line J *^® clrawmg. 
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The situation of ditto, as per drawing, or as near as can be. 

The holding-down bolts are to be secured by nuts let into the 
sleepers, so as not to require the bolts to pass through the ves- 
sel's bottom ; and the bolts are to have, at the lower end of their 
points, wrought-iron washers about eight inches square, and one 
inch thick, placed between the nuts and the wood. Should this 
mode of security be inapplicable to the particular kind of engine 
proposed, the en^neer is fully to describe any other secure mode 
which he may think the most advisable to adopt. 

The pistons are to be fitted with metallic packings. 

The olow-off pipes are to be not less than 3^ inches in diame- 
ter, and their thickness not to be less than i inch. 

The thickness of the steam pipes is not to be less than J inch ; 
of the bilge pipes, not less than ^ inch ; of the feed pipes, not less 
than i inch ; of the waste- steam pipe, not less than ^ inch ; and 
of the waste-water pipes (if of copper), not less than ^ inch. 

The cylinders are to be fitted with discharge or escape valves 
at the top and at the bottom of each, for allowing of the escape 
of water therefrom ; the valves to have suitable metallic cases, to 
obviate the danger of persons being scalded by any escape of 
boiling water. JSeverse valves are to be fitted to the boilers. 

Each cylinder is likewise to be fitted with a separate move- 
ment and valve, for the purpose of using the steam expansively 
in various degrees, as may from time to time be found eligible. 

The air pumps are to be lined with gun metal of half an inch 
in thickness, wnen finished. 

The air-pump buckets are to be of gun metal, with packing 
rings. 

The air-pump rods are to be of gun metal, of Muntz's metal, or 
of wrought iron cased with gun metal. 

The threads of all screwed bolts, nuts, and pins used in engines 
and boilers, and in every other part of the work furnished by the 
contractor, are to agree with the threads used in the steam de- 
partment at Woolwich. 

A small engine is to be fitted, capable of working one of the 
pomps for feeding the boilers. 

Pipes to be fitted for supplying, in the event of a leak in the 
vessel, the requisite quantity of water from the bilge to the con- 
densers. 

The hand pump to be made capable of being worked by the 
engine also, and to be arranged to pump into the boilers, on 
deck, or overboard ; and to draw water feom the boilers, from 
the bilge, or from the sea. 

The feed apparatus to be complete, independently of any feed 
from a cistern above the deck, snould such be fitted. 

The steam pipes and all other pipes to be of copper, and their 
respective diameters to be specified in the tender. 

A separate damper to be fitted to every boiler, and dampers to 
be fitted to the fronts of the ash pits. 
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Brine pumpB, or some other equally efficient apparatus, with 
refrigerators, to be fitted to the boilers. 

A small flat iron vessel to be fixed in one of the paddle boxes, 
with two pipes, one communicating with the stoke-nole, and the 
other with the boiler, for obtaining a small supply of distilled 
water from the boiler. Air tubes to be fixed in the coal boxes, 
for ascertaining their temperature. Particulars will be furnished 
to the contractors, on application to the captain superintendent 
at Woolwich Dockyard. 

The boilers are to be tubular, having iron tubes of 2^ or 3 
inches outside diameter ; and it is desirable that the upper part 
should not be a greater distance above the water line than circum- 
stances render necessary. They are to be constructed in three or 
more separate parts, each of which may be used independently of 
the others. Sufficient details of the boilers are to be shown, to 
enable a calculation to be made of the area of fire grate, and of 
the fire and flue surface. 

In the manufacture of tubular boilers, care is to be taken to 
leave sufficient room between the crowns and the lowest row of 
tubes, with mud-hole doors in the front of each boiler, to admit 
a person into these parts, both for the purpose of cleaning them 
and of repairing them, without taking out the tubes. All mud- 
hole doors to be placed on the inside of the boilers. 

A space of 13 mches wide is to be left clear between the boilers 
and the coal boxes in every part. The boilers are to be placed 
on a bed of mastic. 

The paddle wheels are to be of the common construction, and 
to be fitted with suitable brakes. Braithwaite's disconnecting 
apparatus is also to be applied. 

The power of the engines is to be 260 horses, calculated at 7 lbs. 
effective pressure on each square inch of the piston, and the speed 
of the piston 



ft. 
for 4 
4 
5 
5 
6 
6 
7 
7 
8 



in. 

stroke not to exceed 196 feet per minute. 
6 ditto ... 204 



ditto 
6 ditto 
ditto 
6 ditto 
ditto 
6 ditto 
ditto 



210 
216 



231 
236 
240 



All the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates, are to be included in the 
tender, and likewise the expense of trying and fitting the spare 
gear. 

The expense of clothing (in the following manner) the (jylinders, 
steam pipes, and boilers is also to be included in the tender. 
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The cylinders are to be covered with hair felt to the thickness 
of two inches. 'The felt is to be covered with thoroughly dried 
wood, and bound together by iron or brass hoops. 

The steam pipes are to be clothed with felt, which is to be 
wonlded with spun yam, and then to be covered with canvas ; 
the whole to be of such thickness as to be even with the flanges. 

After it has been ascertained by trial that everv part of the 
boilers is perfectly tight, two good coats of red-lead paint are to 
be then put on them, and felt appHed to the tops, sides, and ends, 
to the tmckness of two inches, while the paint is moist. For the 
more convenient application of the felt, it is to be previously 
stitched to canvas for the purpose of holding it together. The 
canvas is then to be well painted, and carefully covered with 
thoroughly dried one-inch deal boards having rabbeted or 
grooved and tongued joints, and bound up to the Doilers by suit- 
able iron straps. 

The coating of felt and boards on the top of the boilers or 
steam chest is to be kept at least 18 inches fiSom the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a three-inch course of brick, set in cement, and 
surrounded and held together by an iron hoop, or this space may 
be filled up with mastic. 

The boards and bricks on the upper parts of the boilers are to 
be covered with sheet lead, 4 pounds to the square foot, so as to 
prevent any leaks from the deck reaching the felt. 

N.B. Parties contracting to supply machinery for Her Ma- 
jesty's ships and vessels are to be bound in a penalty; of one 
thousand pounds to complete their contracts at the stipulated 
periods ; and it is distinctly to be understood, that it. is their 
Lordships' intention to enforce the bond in all cases where the 
machinery is not fixed and ready for trial at the time specified in 
the contract. 

The time required for completing the machinery so as to be 
ready to be put on board the vessel, is to be considered as com- 
mencing from the date of their Lordships' acceptance of the 
tender. 

And the period stipulated for fixing the machinery on board 
the vessel is to be calculated from the date the vessel is placed 
in the hands of the parties for that purpose. 

It is likewise to be tmderstood that, if the weight specified in 
the tender be exceeded, the contractor is to forfeit one thousand 
pounds, or their Lordships are to be at liberty to reject the en- 
gines, the manufacturers paying one thousand pounds for the dis- 
appointment. 

It is to be understood that the practice of fixing new engines 
on board Her Majesty's vessels at Woolwich Dockyard is to be 
erUi/rely discontinued. The ports to which their Lordships will, 
for the convenience of manufacturers, allow vessels to be taken, 
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are those of London, Liverpool, Greenock, Glasgow, and Dundee, 
provided the places at which the vessels are to lie in those ports 
shall be named in the tender, and approved of by their Lordships. 

Li all cases of vessels receiving their engines on board at any 
other port than that of London, a deduction of two per cent, will 
be made from the price of the engines named in the tender, as a 
compensation for the expense, wear and tear, and risk thereby- 
incurred. 

No charge will be allowed for transporting the vessel to the 
place where the engines are to be fixed on board ; for coals in 
trying the engines until they are complete; for boats, anchors, 
men, lighters, pilotage, canal or dock dues, shipwrights' work, 
or for any other expense whatever. The "watching" of vessels 
is to be pei^ormed in ftiture by officers and men in Her Majesty's 



Tekdeb JYom for a pair 

of Steam Engines with Paddle Wheels, pursuant to a Letter 
from the Admiralty, dated , and the Specifi- 

cation accompan/ying the same. 

Collective power of the two engines 
Weight of the engines 

Boilers and their apparatus 

Water in boilers 

Coal boxes . 

Paddle wheels 



Total weight 



Diameter of cylinders 

Length of stroke 

Strokes per minute . 

Diameter of paddle wheels 

Breadth of ditto 

Diameter of necks of intermediate and paddle-wheel shafts 

Quantity of coals which can be stowed in 1 185 tons, or 8^ days' con- 

the coal boxes j sumption. 

Estimated consumption of coals per horse per hour . . 8 lb. 
Cost of engines, boilers, and coal boxes £11,090 1 Including the erection 
Ditto paddle wheels, common . . 800 j on board. 

Cost of duplicate and spare artifles, as i Including the entire 

per list 850 Ifittingand trying of the 

j same wherever and 

Total cost £12,740 J whenever required. 

Including all the items of expense mentioned at the end of the spe- 
cification. 





260 horses. 




80 tons. 




45 „ 




30 „ 




10 „ 




13 „ 


iluded in contract 


12 „ 


. 


190 tons. 




1 




ft. in. 


• . . 


6H 


• . 


4 6 


. No., 24. 




• • > 


21 


... 


8 3 


ile-wheel shafts 


12i 
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Time required for completing the work ready to be put on 
board — for one pair, eight months ; for two pairs, nine months. 

Further time required for fixing the whole in the vessel, ready 
for service, two months. The engines to be fixed on board in 
the East India Docks, London. 

The boilers will be constructed on the tubular principle, em- 
bodying all the latest improvements. The tubes will be of iron, 
3 in. external diameter and 6 feet long, and secured in the best 
manner in tube plates of the best charcoal iron, J-inch thick. 
The bottoms of the boilers will be composed of plates Jg-inch 
thick ; the sides and tops of plates |-inch thick ; and the fire 
boxes, of Lowmoor plates, |-inch thick. The heating surfaces of 
the proposed boilers will be — grate-bar surface, 85 square inches 
per norse-power ; total tube and flue surface, 16 square feet per 
horse, and effective surface, 13J sauare feet. Sufficient room will 
be left between the crowns of the furnaces and the tubes for 
cleaning the former. Each boiler will be fitted with separate 
safety valve and stop valve, so that either may be worked distinct 
from the other if required. Brine pumps will be attached to the 
boilers ; also a small feeding engine will be provided for working 
the supplementary feed pump. 

The boilers will be clothed with felt, wood, and lead, as usual. 

The blow-off* pipes will be of copper, 3^ inches diameter, and 
i inch thick, havmg their cocks, conical pipes, and stop valves of 
gun-metal. 

The engines wiU be constructed on the direct action principle, 
as shown by the drawings, and will embody all the latest im- 
provements. The slide valves will be formed on the long D 
construction. The air pumps will be of solid gun-metal ; and 
the air-pump rod and bucket, foot valve, and delivery valve, will 
be all of gun-metal. 

There will be two feed and two bilge plunger pumps, each 
pump capable of supplying both the boilers. 

The pistons to be of the most approved construction, with 
metallic packing. The steam pipes, feed pipes, and all other 
pipes usually constructed of copper will be of this material, of 
sufficient thickness. All the bearings will be of best brass. 
Expansive gear will be attached to the engines. The framings 
of the engines will be composed chiefly of wrought iron, and wul 
be made as light as is consistent with the requisite strength. 

The paddle wheels will be on the common construction ; and 
the shaft will run through to an outside bearing on the spring 
beam. 

The whole to be of the best material and workmanship. 
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List of Tools arid Spabe ABTiCLES^r F addle-wheel 
Engines of Horses Power. 



ENGINEEB8 TOOLS. 

Brashes, for boiler tubes, to every lOO-horse power. 
Drifts, short and long do. do. 

Fire irons 

Mandrils do. do. 

Scrapers, circular and forked do. 

Spanners and wrenches of sorts . 
Stocks, taps, and dies, from \ inch to 1^ inch 



No. 

20 

1 each. 
12 

1 each. 

5 each. 
24 

1 set. 



SPABE GEAB. 

Air-pump side rods, with straps and brasses complete 

(if so fitted) 2 

Air-pump rod 1 

Air-pump cross head (if so fitted) .... 1 
Arms for paddle wheels . . , . . .4 

Bars, furnace * . • i set. 

Bearers . . , , , . . . . 3 

(Beam, sway (if so fitted) .1) 

Boiler plates 6 cwt. 

Bolts and nuts for engines, properly assorted . . 120 
Bolts and nuts for paddle wheels, or rivets instead (if 

so fitted) .100 

Bolts and nuts, hook, for paddle boards , . . 100 

Brasses for outer end of shaft 2 

(Cylinder side rods, with straps and brasses complete 

(if so fitted) 2) 

Cylinder Hd 1 

Cylinder cross head (if so fitted) . .... 1 

Ferrules for boiler tubes, to every lOO-horse power . 50 

(Fork head (if so fitted) 1) 

(Side links to fork head, with straps and brasses com- 
plete (if so fitted) 2) 

Paddle boards 12 

Paddle plates 18 

Piston and rod . • 1 

Bod, connecting, with strap and brasses, complete . 1 
„ Parallel motion, with brasses complete, for one 

en^e 1 set. 

„ Feed pump (if so fitted) 1 

„ Bilge (if so fitted) 1 

„ SHde 1 

Screws, packing, for slide, complete for one engine . 1 set. 

Segments for paddle wheels, large .... 4 
Segments for paddle wheels, small (if so fitted) . . 2 
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Springs for each piston (if so fitted) .... 1 set. 

Springs for other parts of engines, for 1 engine . . 1 set. 
Tubes, boiler, to every 100-horse power . . .10 

Tubes, glass, for barometers 2 

Tubes, glass, for boilers 4 

Valve, loot, without seat 1 

Washers, iron 100 

Note. — Suph articles contained in this list as are not to be 
found in the particular kind of engine tendered for, to be struck 
out by the party tendering ; and any articles may be added to it 
which, from the construction of the engines, he may consider 
ought to be supplied. 



TABLE No. II. 



ADMIRALTY FORMULA OF SPECIFICATION FOR MARINE 
ENGINES, WITH SCREW PROPELLERS. 

Specification of certain "Particulars to he strictly observed in 
the construction qf Marine Steam Ermines (with Screw Pro- 
pellers J referred to in the Admiralty Letter of the 9th of Sep- 
tember, 1845, for Ser Majesty s Steam Guardship of 72 Ghjms, 
with Auxiliary Engines of 4S0-JELorse Power. 

The tenders are to be made (in triplicate) on the accompanying 
printed forms, every particular in which is to he carefully and 
strictly filled up ; and all drawings, models, and boxes contain- 
ing them are to be distinctly marked with the names of the 
ps^ies transmitting them. 

The coal boxes (m the space of the engine room) are to contain 
as much room as possible. The arrangement and quantity (com- 
puted at 48 cubic feet to the ton) to be shown in the tender. 

The consumption of coal per horse-power, and the number of 
days* coals which the boxes will contain, are to be accurately 
stated in the tender. 

The breadth and depth of the engine room are shown in the 
drawing. If the length should be found insufficient, the foremost 
bulkhead may be removed as much further forward as is ne- 
cessary ; but the situation of the (ifter bulkhead is not to be 
altered. 

As the engines will not be so frequently worked as in an ordi- 
nary steam vessel, especial care is to be taken in the arrangement 
of the boilers and machinery, that every part may be easily acces- 
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Bible, 80 that no difficulty may be found in preserving them in an 
efficient state. 

The situation of the centre of gravity of the whole machinery, 
coals, etc., to be shown in the drawing. 

The pistons are to be fitted with metallic packings. 

The blow-off pipes are to be at least 3^ inches in diameter, and 
their thickness not to be less than i inch. 

The thickness of the steam pipes is not to be less than ^ inch ; 
of the bilge pipes, not less than i inch ; of the feed pipes, not less 
than -1^ inch ; of the waste-steam pipe, not less than i inch ; and 
of the waste-water pipes (if of copper), not less than i inch. 

The cylinders are to be fitted with discluur^e or escape yalves 
at the top and at the bottom of each, for allowmg of the escape of 
water therefrom ; the valves to have suitable metallic cases, to 
obviate the danger of persons being scalded by any escape of 
boiling water, lleverse valves are to be fitted to the boilers, 
and efficient stop valves at the ship's side to the waste-water 
pipes. 

Each cylinder is likewise to be fitted with a separate movement 
and valve for the purpose of using the steam expansively in 
various degrees, as may from time to time be found eligible. 

The air pumps are to be lined with gun metal, of h«Jf an inch 
in thickness, when finished. 

The air-pump buckets are to be of gun metal, with packing 
ringjs. 

The air-pump rods are to be of gun metal, Muntz's metal, or 
of wrought iron cased with gun metal. 

The threads of aU screwed bolts, nuts, and pins used in the 
engines and boilers, and in every other part of the work fiir- 
nisned by the contractor, are to agree with the threads used in 
the steam department at "Woolwich. 

A fan-blower with all the necessary apparatus, is to be provided 
for blowing the fires in the event of injury to the fiumel; and a 
small engine is to be fitted, capable of working the blower as well 
as one or the pumps for feeding the boilers. 

Pipes to be fitted for supplying, in the event of a leak in 
the vessel, the requisite quantil^ of water from the bilge to the 
condensers. 

The hand pump to be made capable of hems worked by the 
engine also, and to be arranged to pump into the boilers, on deck, 
or overboard ; and to draw water m)m the boilers, from the bilge, 
or from the sea. 

The steam pipes and all other pipes to be of copper, and their 
respective diameters to be specified in the tender. 

A separate damper to be fitted to every boiler, and dampers to 
be fitted to the fronts of the ash pits. 

Brine pumps, or some other equally efficient apparatus, with 
refrigerators, to be fitted to the boilers ; and blow-off* pipes so 
arranged that any boiler may be blown off separately. 
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Air tubes to be fixed in the coal boxes, for ascertaining their 
temperature. Particulars of these and other small fittings, such 
as glass water gauges, etc., to which the contractors will be 
required to conform, will be furnished to the contractors • on 
application to the captain superintendent at Woolwich Dock- 
yard. 

The boilers are to be of the tubular construction, having tubes 
of 2J or 3 inches diameter outside ; the cost with iron and with 
brass tubes respectively is to be specified in the tender. 

The boilers are to be constructed in three or more separate 
parts, each of which may be used independently of the others. 
Sufficient details of the boilers are to be shown to enable a cal- 
culation to be made of the area of fire grate and of the fire and 
fine surface. 

In the manufacture of tubular boilers, care is to be taken to 
leave sufficient room between the crowns and the lowest row of 
tubes, with mud-hole doors in the front of each boiler, to admit 
a person into these parts, both for the purpose of cleaning them 
and of repairing them, without taking out the tubes. 

A space of thirteen inches wide is to be left clear between the 
boilers and the coal boxes in every part. The boilers are to be 
placed on a bed of mastic. 

The power of the engines to be 460 horses ; and the weight, 
if possible, not to exceed 300 tons j the power to be calculated 
at 7 lbs. effective pressure on every square inch of the pistons, 
and at 45 strokes per minute. 

The whole of the machinery and boilers to be below the lower 
or sleeping deck. 

The speed of the propeller shaft to be at least 45 revolutions 
per minute, the shaft to be driven direct from the engines. 

The screw propeller to be two- threaded, and to be made of gun 
metal, of about 15 feet 6 inches in diameter, and of the form to be 
hereafter determined. 

The screw to be hung upon a separate shaft, capable of being 
easily disengaged from the driving shaft ; and suitable means are 
to be provided for shipping and unshipping it through a trunk 
exten<fing from the upper part of the aperture for the screw to 
the upper deck. 

It is to be understood that any plans in which the arrange- 
ments may differ from those above described will be taken into 
consideration, if they shall appear likely to answer. 

AU the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates are to be included in the 
tender, and likewise the expense of trying and fitting the spare 
gear. 

The expense of clothing (in the following manner) the cylin- 
ders, steam pipes, and boilers, is also to be included in the 
tender. 

The cylinders are to be covered with hair felt to the thick- 
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ness of two inches; the felt is to be coTered with thoroughly 
dried wood, well fitted, and bound together by iron or brass 
hoops. 

The steam pipes are to be clothed with felt, which is to be 
woulded with spun yam, and then to be covered with canvas ; 
the whole to be of such thickness as to be even with the flanges. 

After it has been ascertained by trial that every part of the 
boilers is perfectly tight, two ffood coats of red-lead paint are to 
be then put on them, and feit applied to the tops, sides, and 
ends, to the thickness of two incnes, while the paint is moist. 
For the more convenient application of the felt, it is to be pre- 
viously stitched to canvas K)r the purpose of holding it together. 
The canvas is then to be well painted, and carerally covered 
with thoroughly dried one-inch deal boards having rabbeted or 
grooved and tongued joints, and bound up to the boilers by 
suitable iron straps. 

The coating of felt and boards on the top of the boilers or 
steam chest is to be kept at least 18 inches from the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a three-inch course of brick, set in cement, and sur- 
rounded and held together by an iron hoop, or this space may be 
filled up with mastic. 

The Doards and bricks on the upper parts of the boilers are to 
be covered with sheet lead, 4 pounds to the square foot, so as to 
prevent any leaks from the deck reaching the felt. 

The engines to be fitted on board the ships either in the 
Thames, at Portsmouth, or Plymouth ; the parties tendering to 
state the expense of fixing the machinery at each place respec- 
tively, it being understood that if fixea in the Tnames, dock 
dues and aU other expenses are to be borne by the contractors. 
But if at Portsmouth or Plymouth Dockyards, the use of the 
Government shears or cranes, with the necessary hands, will be 
allowed for lifting the heavy weights. 

N.B. The time required for completing the machinery so as 
to be ready to be put on board the vessel, is to be considered 
as commencing from the date of their Lordship's acceptance of 
the tender. 

And the period stipulated for fixing the machinery on board 
the vessel, is to be calculated from the date the vessel is placed in 
the hands of the parties for that purpose. 

Parties contracting to supply machinery for Her Majesty's 
ships and vessels, are to be bound in a penalty of one thousand 
pounds to complete their contracts at the stipulated periods, and 
it is distinctly to be understoodj that it is their Lordships' inten- 
tion to enforce the bond in all cases where the machinery is not 
fixed and ready for trial at the time specified in the contract. 

It is likewise to be understood that, if the weight specified in 
the tender be exceeded, the contractor is to forfeit one thousand 



192 APPENDIX. — SPECIFICATION. 

pounds, or their Lordships are to be at liberty to reject the 
engines, the manufacturers paying one thousand pounds for the 
disappointment. 



Tehbeb. from for a pair of 

Steam- Enaiiies (with Screw Propellers), pursuant to a Letter 

from the Admiralty, dated the ^th of September, 1845, and the 

Specification accompanying the same. For a 72'Grun Steam^ 

Guard Ship fatixiliaryj . 

N.B. All the following particulars are to be careMly stated 
in this paper, so far as may relate to the tender required by the 
Admiralty. 

In words' and figures. 
Collective power of the two engines four hundred and fifty horses 450. 
o| fWeight of engines . . 127 tons. One hundred and twenty-seven. 
11 Do. Boilers and their! Rfty-fiye. 

^^ apparatus j- " » ** / ^ 

21 . Do. Water in the boilers 45 „ Forty-five. 
~ iS Do. Coal-boxes . . 15 ^ Fifteen. 



r^i uo. uoai-Doxes . . 
^5^ < Do. Propeller, pro- 1 
Eis s peller shaft, and ma- > 30 „ Thirty. 

chinery for driving it J 
Do. Spare gear, and^ 

all fittings included [-18 n Eighteen. 
Sg ^ in contract J 

Total weight 290 tons. Two hundred and ninety. 



1^ 



Diameter of cylinders four, each 50 in. 

Length of stroke 3 ft. in. 

Strokes per minute . . . No., 45 

Revolutions of propeller \ ^^ .^ 

shaft per minute J ^*»" *' 

Diameter of the necks ofl i«. 

the engine shaft J ^"^ *°' 

Do. Propeller shaft 13 in. 

The quantity of coal which") 

can be stowed in the > 250 tons, being 9 days* consumption. 

coal boxes J 

Estimated consumption ofl 

coals per horse power per > « . . « . 6 lbs< 

hour J 

Cost of engines, boilers and 1 ^jy g20 1 

Do^"pSler, shafts, andj ' I Including the erection 

all machinery connected I 3,650 ^'^ °*^**- 

vnth them J J 
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Cost of Duplicate and spare^ 
articles as per enclosed 
list, and all fittings and y £1,450 
other articles to be sup- 
plied under the contract J 



Total cost . . . £22,720 



'Including the entire fitting 
and trying ,of the same 
wherever and whenever re- 
quiredi and all the other 
items of expense mentioned 
at the end of the specifica- 
tion. 



3 months 



Time required for complet-' 
' ing the work ready to be ^ 12 months 

put on board ^ 

Further time required for'l 

fixing the whole in the | 

vessel, so as to be fit for | 

service 
At what place the engines are to be fixed on board. 

The constraction and dimensions of the boilers to be here de- 
scribed, and the thickness of the plates of the yanons parts of 
them, and if the boilers be tubular, the diameter and length 
of the tubes to be specified, as well as the material of which 
they are to be composed. 
Boilers to be tubuliu: ; oyer aU, 19 ft. 9 in. long, 24 ft. wide, and 

12 ft. high ; being kept (as well as the engine) entirely imder the 

orlop deck. Heating surface to be 15 sq. ft. per liorse-power, 

and grate-bar surface, 80 sq. in. per horse. 
Engines to have four horizontal cylinders, driying the screw 

shaft direct. 
The blow-off pipes to be 4 inches in diameter and i inch thick, 

of copper; having their cocks, conical pipes, and stop valves of 

The whole to be of the best material and best workmanship. 

K.B. The position of the engines, propeUer, boilers, and coal- 
boxes to be distinctly shown in the accompanying drawings of 
the engine room. 



List qf Tools arid Spabe Abticles for Engmes (with Screw 
Propellers) of4&0 Sorses* Power, 

BNOINEEBS' TOOLS. 

Brushes, for boiler tubes, to every 100-horse power 
Drifts, short and long do. do. 

Fire irons 

Mandrils do. do. 

Scrapers, circular and forked, do. do. 

Spanners and wrenchers, of sorts 
Stocks, taps, and dies, fi*om \ inch to 1^ inch. . 



No. 

20 

1 each. 
12 

1 each. 

5 each. 
24 

Iset. 
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SPABB OEAB. 

Air-pump side rods, with straps and brasses complete ^o* 

(if so fitted) 2 

Air-pnmp rod 1 

Air-pump cross head (if so fitted) .... 1 

Bars, fimiace i set. 

Bearers 3 

Boiler plates 6 cwt. 

Bolts and nuts for engines, properly assorted . 120 

Cylinder lid 1 

Cylinder cross head (if so fitted) 1 

Ferules for boiler tubes, to every 100-horse power . 60 

Piston and rod 1 

Propeller and shaft complete 1 

Bod, connecting, with strap and brasses complete . 1 

„ Feed pump (if so fitted) .1 

„ Bilge pump (if so fitted) 1 

„ SHde 1 

Screws, packing, for slides, complete for one engine . 1 set. 
Springs for each piston (if so fitted) .... 1 set. 
Springs for other parts of engines, for 1 engine . . 1 set. 
Tubes, boiler, to every lOO-horse power . . .10 
Tubes, ^lass, for barometers ..... 2 

Valve, foot, without seat 1 

Washers, iron 100 

Note. — Such articles contained ia this list as are not to be 
found in the particular kind of engine tendered for, are to be 
struck out by the party tendering ; and any articles may be added 
to it which, from the construction of the engines and propeUer 
machinery, he may consider ought to be supplied. 
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TABLE No. III. 

TABLK OF EXPERIMBNTS WITH H. M. SCREW STEAM - 
TENDER^ "DWARF." 

Burthen in tone, 163 f|* Nominal hone power, 90. Dranght of water, 7 feet 
aft ; 6 feet 10 inches forward. Fitted with a common two-threaded screw, 5 feet 
1 inch in diameter, with common pitch. 




These experiments were made at Woolwich during the months of Jane, Jnly 
August, 1846. The following are the dimensions of the Dwarf, viz. — 





ft. 


in. 




. 130 





Breadth extreme . 


. 16 


6 


Depth in Engine-room 


. 16 


9 


Diameter of Cylinders 


8 


4 


Length of Stroke . 


• 2 


8 
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TABLE OF SCREW STEAMERS 
{Compiled by the Engineering Department 

I.— 





Name 

of 

the Vessel. 


III 


n S 


IP 


ill 


III 


II 


Horses' power, 
NominaL 

Horses' power 

indicated at 

trial. 






ft. in. 


ft. in. 


ft in. 


sq.ft. 


Tons. 


Tons. 


H. P. H. P. 




1 


Ajax . . . . 


176 


48 6^ 


22 64 


807 


3090 


1761 


450 


846 




2 


Amphion . 
Arcner 


1770 


43 2 


19 


546 


2025 


1474 


300 


592 




3 


180 


33 


14 1 


372 


1238 


970 


200 


345 




4 


Arrogant . 


200 


45 8| 


18 lOi 


580 


2444 


1872 


360 


623 




6 


Be 


630 


12 S 


S 64 


38-2 


33*2 


43 


10 




- 


6 


Blenheim . . . 


181 2i 


48 6 


21 14 


738 


2790 


1832 


450 


938 




7'Bri»k. . . 


193 7 


35 


IS 9 


373 


1474 


1074 


250 






SConffict . 


192 6 


34 4 


14 6 


402 


1443 


1038 


400 


777 




Dauntless . 


210 


39 9 


16 4 


522 


2240 


1479 


580 


811 




10 


Ditto, lengthened \ 
at the stem . / 


218 1 








2251 


1569 


It 


1218 




11 




192 6 


34 4 


15 9 


443 


1628 


1037 


400 






IS 


Dwarf (iron) 


130 


16 6 


5 6 


44 


98 


164 


90 


816 




13 


JlfQCOIUAtCf • • • 


190 


83 3 


}IJ? 


318 
341 


11921 
1290/ 


953 


360 


/672 
\646 




U 


Erebus , 


105 


28 10 


14 1 


328 


716 


372 


30 






15, Euphrates 


215 7 


40 6 


1« 74 


570 


2402 




620 






1 
16 Fairy (iron) 


144 8 


21 li 


f 4 10 
\ 5 10 


71-5 

82 


168 \ 
196/ 


312 


128 


f8«4 
\331 




17 Greenock (iron) 


213 


37 4* 


15 


450 


1980 


1418 


338 






18 Highflyer . . . 


1920 


36 4 


15 9 


465 


1787 


1153 


250 






laHogue 


184 


40 2^ 


22 10 


820 


3155 


1846 


450 






30 


Horatio . 


154 3 


19 14 


537 


1707 


1090 


250 






31 




2070 


37 10 


16 


487 


2048 


1395 


350 


780 




22 


Minx (iron) 


131 


22 1 


5 24 


82 


203 


303 


100 


284 




23 


Ditto, horse-power ") 
diminished • J 




it 




tt 






100 


3S 


24 


Miranda . . . 


196 


34 


IS 6 


374 


1522 


1039 


250 




25 


Niger . . . 


194 4 


84 1 


CU 10 
114 64 


403 
392 


1362 \ 
1323/ 


1072 


400 


r828 
1919 


i 


26 


Phoenix . % 


1747 


31 10 


iim 


247 
327 


1225-1 
1140/ 


809 


260 


f382 
1489 




27 


Plumper . 


140 


27 6 


rio 11 

\I2 3 


204 
241 


652/ 


490 


60 


fI48 
1 149 




28 


Rattler . 


1796 


32 8^ 


fll 3 
U3 6 


274 

330 


8701 
1078/ 


888 


200 


f428 
\436 




29 


Reynard 


147 8 


27 10 


/ 9 6 
1 10 11 


184 
222 


478^ 

604 r 


516 


60 


/ 165 
1153 


1 


30 


Rifleman . 


150 


26 7 


f 9 3 
I 9 3 


173 
173 


4841 
484/ 


486 


200 


/S48 
IS66 


' 


31 


Ditto, horse-power \ 
diminished . / 


tt 


tt 


r 9 34 

lio 24 


175 
199 


4871 
565/ 


»» 


100 


/188 
U90 




32 




2006 


52 1 


22 9 


920 


3484 


2334 


350 


408 




33 




150 


26 74 


( 9 14 
I 9 3 


192 
196 


5051 
518/ 


489 


200 


fS65 
\175 




34 


Simoom (iron) 


246 


41 


17 


567 


2789 


1980 


350 






35 


Teaser (iron) . 


130 


21 9k 


5 3 


2-9 


205 


396 


100 






36 


Ditto, horse-power \ 
diminished . / 


>» 




*» It 




tt 




40 


188 




37 


Termagant 


210 1 


40 6 


17 1 


587 


2403 


1547 


620 


1351 




38 


Vulcan (iron) . 


220 


41 5 


15 6 


465 2076 


1764 


350 


79s 


1 


39 


Wasp 


180 


38 10 


14 9 


395 1837 


970 


100 


J 




N.B.-The 


Experi 


mental 


made one 


ischVe 


sselare 


contin 


Ufld. W 


idoor- 


1 
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IN HBR MAJKSTY S NAVY. 

of the AdmirdUy m the year 1852.) 
Vessel, 



I 



III 



Constructor of 
Veiael. 



Renuurki, 

and ttate of the VmwI 

at her trial trip. 



Knots. 
7-147 
6'75 
7*818 
8*395 



6*8ie 

9*889 
7*3fi« 

10*398 

10*75 
10*537 
r 10*354 \ 
. 9*375 / 
esti- 
mated 
at 3-5, 

13*384 \ 
891 / 



f 13*! 
\I1*I 



by log 7*5 
8*6 
9*75 
9*137 

4*515 



r 9-494 \ 
\ 10*437 J 

7*106 
8*74 
7*418 -» 
6-497/ 
10*074 
9*fi39 
8*338 
7*3 

3096 \ 
9*499/ 
8011\ 
7*977/ 
8*0 

9*783 \ 
9*189/ 



Year. 
1848 
1847 
1849 
1849 

1843 

1849 
1851 
1848 
1848 
1850 

1853 
1843 



1851 

1845 

not com- 
plete • 

1848 
1851 
1850 
1848 

1849 

not com- 
plete 

1849 

18481 

1849/ 



1844 \ 
1845/ 
1848 T 
1849/ 
1847 

1848 

not com. 

1847 



Old 74 
Old Frisate 
Deptford Dockyard 
Fincham 

Symonda . . j 

Old 74 

Woolwich Dockyard 

Fincham 



• { 



Pembroke Dockyard 
Rennie 

Fincham 



Old 38 . . 

Deptford Dockyard 
Ditchbum . •< 
Scott and Sinclair 

Woolwich Dockyard 
Old 74 

»» . • 
Fkirbaim . 
Symonda . 

Sheemess Dockyard . 



Lang 

Seppings 

Fincham 

Symonds 

Symonds 

Fincham 



Not rigged, but ballasted. 

and fully equipped for sea. 
Notriffged, but ballasted. 
Rigged and fuUy equipped. 

Fitted also with paddles, speed 7*501 
knots. 

Rigged and partially equipped. 
Not completed. 
Rigged and partially equipi>ed. 
Jury rigged, ballasted to trim. 
Altered at stem, rigged and fully 

equipped. 
Not completed. 
Not rigged. 

Not rigged, but ballasted to trim. 

Rigged and fully eq|iipped. 

Not completed. 
Not rigged, light. 

ly equipped. 
Not completed. ' 

Not completed. 

Rigged and fully equipped. 

Not completed. 

Not rigged, but ballasted to trim. 

Ditto. 

Ditto. 

Not completed. 

Rigged and fully equipped. 

Not riffged, but ballasted. 
Rigged. 

Rigged and partially equlpp^. 
Rij^ed and fully eauipped for sea. 
Not rigged, but ballasted. 
Rigged and fully equipped for sea. 
' "' -ht. 



rigged, light 
i;ea and fully 



Flncham,same lines 1 



r 6*315 

\ 7-685 

9*51 

9*605 



1851 
1847 
1848 
1849 
1849 
1861 



Robert Napier . 
Symonds . 

White, of Gowes 
Ditchbum • 
Deptford Dockyard 



Not 
RiL_ 

lgg..« 
Subsequently to ditto ditto. 

Horse-power diminifthed. 

Not completed. 

Not rigged, but ballasted. 

and partially equipped. 

Not completed. Troop ship. 

Not rigged. Before stern made finer. 

Ditto. Subseauently to do. 

Rigged and equipped for sea. 

Not rigged, but ballasted. 

Not completed. 



m.VI .^ a^ 



. n lur *am^ 
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TABLE OF SCREW STEAMERS 

2. — Propeller, and 









Horses* 


Diame- 


Pitch 

of 
Screw 


Screw. 


Reydutions. 1 






NameoftheVeaML 


Builders' 
oldMea- 
surement. 


Power, 
Nominal 


ter of 


Inten. 
ded 


Actual 
at Trial. 






Tons. 


H. P. 


ft. in. 


ft. in. 


ft. in. 


No. 


No. 






Aj«c . , . . 


1761 


450 


16 


17 11 


3 2 


45 


48- 






Amphion 

Archer . . . 


1474 


300 


15 


31 


3 6 


48 


45 






970 


300 


9 


7 9 


1 4 


144 


108-4 






Arrogant 


1872 


360 


15 6 


15 


3 6 


60 


65*5 






Bee ... . 


43 


10 


3 1 


3 9 






340 






Blenheim . 


1832 


450 


16 


30 


3 4 


45 


43 






Brisk . . . . 


1074 


850 








90 








Conflict 


1038 


400 


13 6 


16 6 


3 9 


75 


68 






DauntlcM 


1497 


680 


14 8 


18 


3 


70 


56-3 






Do., lengthened and \ 
stem dtered / 


1569 


»» 


»» 


»» 


tt 


»• 


68-S8 






Desperate 


1037 


400 


IS 


14 


3 4 


87-38 








Dwarf. 


164 


90 


5 8 


8 


1 


180 


183-8 






Encounter . 


953 


360 


13 


15 


3 6 


80 


r 78 

I 7* 






Erebua 


372 


30 








70 






Euphratei . 

Fairy .... 


312 


620 

128 


(•54 
16 3 


8 
8 


1 
1 4 




(-358 
1330 






Greenock 


1418 


338 


14 


13 


3 3 


98 










1153 


260 








85 






19 


Hogue . . . 


1846 


450 


16 


30 


3 4 


45 


60 




30 


Horatio 


1090 


250 








55 






21 


Meguera . . . 


1395 


360 








55 






23 


Minx . . . . 


303 


100 


4 6 


5 


1 


320 


364 






Do., H. P. diminialied . 
Miranda . . . 


1039 


10 
350 


5 


3 8 




77-72 


140 






Niger . , . . 


1072 


400 


13 6 


17 


3 10 


7« 


/ 68-8 
\ 74*33 




86 


Phoenix 


809 


360 


('13 
111 lof 


IS 8 
9 8 


3 n 
1 7S 


92 


/ 6S 
i9« 




27 


Plumper 


490 


60 


9 


6 7 


1 


155 


J 115 

\iia 




28 


Rattler 


888 


300 


10 


11 


1 3 


100 


fl04 

\ 107-92 




29 


Reynard 


516 


60 


(89 
I 8 11 


8 
7 3 


11} 


120 


r 108-86 

tiia 




30 


Rifleman . . 


486 


300 


8 


9 


1 6 


144 


f 119-25 

\129 




31 




» 


100 


f 8 
19 


9 
9 


1 6^ 
•1 6J 


144 


MIO 

198-75 




32 


Sanspaxeil . 


SSS4 


350 








55 






33 


Sharpshooter 


489 


300 


r 8 

I 9 


9 
9 


1 6^ 
1 6J 


144 


fl40-7 

\ 134-5 




34 


Simoom . • 


1980 


350 








56 






36 


Teaser . . . . 


296 


100 


4 6 


6 10 


1 


220 


300 




36 




i» 


40 


5 


7 


1 3 




19a-09 




37 


Termagant . 


1547 


630 


ri5 6 
I16 6 


18 
17 3^ 


3 0^ 

2 10) 


70 


(86 
I 73 




38 


Vulcan .... 


1764 


350 


14 


16 ? 


3 9 


66 


86-5 




|S 


Wasp ... . 


. 970 


... 








121 







N.B.— The Experiments made on each Vessel aie contimMd and i 
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IN HBR majesty's SAYY^^contitiued. 
Proportional Numbers, 













1 


Ratio of 






Vessel's 


Screw's 


Immersed 


Nominal 


Indicted 






Rate of 
Screw. 


Rate Of 
Ship. 


SUp of the Screw. 


length to 
breadth 


Pitch to e Section 
Diame- ,to Screw's 


H.-Power 
to Sec- 


H.. Power 
to^See- 














ter 1 


disc. 


tion. 




Knots. 


Knots. 


Knots. 


p. Cent. 














1 


8-482 


7-147 


1-335 


15-74 


3-625 


1-12 


4*01 


0-66 


1-05 




2 


•321 


6-75 


2-571 


27*58 


41 


1-4 


309 


0-65 


108 




3 


8-293 


7*818 


0-475 
f nega- 


5-73 
nega- ^ 


5-32 


0-86 


5-84 


0-54 


0-93 




4 


8-11 


8-295 


{ tive 
I 0*884 


tive y 

1-02 J 


4-37 


0-96 


807 


0-63 


107 




5 


%^ 


6-823 


2055 


33-15 


617 


1-31 


3-76 


0-35 






6 


5-816 


2*667 


31-4 


3-73 


1-85 


3-67 


0-61 


1-37 




7 










6.63 












8 


41067 


9*289 


1-778 


16-06 


6-6 


1-32 


2-81 


0-99 


1-93 




9 


9'8I8 


7*366 


2-452 


24-97 


5-28 


1-22 


3-09 


1-11 


1-55 




10 


IS' 123 


10-293 


1-83 


15-09 


5-48 


,, 


„ 


„ 


3-33 




11 










6-6 


1-08 










12 


14-427 


10*537 


8-89 


26-96 


7-87 


1-41 


1-74 


2-04 


4-91 






( 11-541 
(. 10-653 


10*254 


1-287 


11-15^ 
ll*99i 


5-73 


1-26 


f 2-81 
I 3-01 


1-13 


3-11 




13 


»*S75 


1-278 


1-06 


1-89 




14 










3-64 






^ 






15 










5-32 












16 


<• 20-849 
1 17-36 


13-324 


7*036 


84-56^ 
31-5 S 


6-84 


fl-5 
11-39 


3-2 


1*79 


6*08 




11-891 


5-469 


2-74 


1*56 


3-91 




17 










5-69 












18 










5-28 












19 


9-864 


Cbylog. 
I 7-5 


} 2-364 


23-96 


3-8 


1'25 


4-08 


0-65 






30 










3-83 












21 










5-47 












22 


12-533 


9*137 


3-396 


27-09 


5-93 


I'll 


8-15 


1-33 


8-88 




23 


5-062 


4-515 


0-547 


10-8 




0-73 


417 


0-18 


0*38 




24 










•76 














i 12-462 


9*494 


2-043 


1?4} 


5-6 


1-36 


( 3-28 
I 3-19 


0-99 


3-06 




25 


10-427 


2-035 


103 


3*34 




26 


C 8-496 
t 9-163 


7*106 


1-89 


16-36 \ 
4-51 / 


5-48 


(-105 
lo*81 


3-16 


0*75 


ri 




8-74 


0-413 


2-97 


0*79 


1-49 










fnegra- 


nega- " 














27 


C 6-333 
1 6-168 


7*418 

6-497 


J tive 
1 1-058 


tive 
17-13 ' 
5-33, 


5-09 


0-62 


(■8-2 
1 3-78 


0-39 
0-35 


0-63 




28 


CH2 
111-709 


10-074 
9*639 


1-21 
207 


10-72 \ 
17-67) 


5-39 


1-1 


(•3-49 
I 4-2 


0-73 
0-6 


1-56 
1-33 






r 8-59 

X 8-009 


8-258 


0-352 


4*09^ 

8-85) 


6-3 


fO-91 
to-81 


3-06 


0-33 


0-89 




29 


7*3 


0-709 


3-55 


0-37 


0-69 




30 


C 10-686 
1 11-452 


8-096 
9*499 


1-49 
1-953 


23-53 5 
17*05) 


5-64 


1-12 


3-44 


1-15 


r 2-01 
I 2-12 






r 9-766 

i 8-r66 


8-011 


1-754 


17*06^ 

9-0 ) 


5-64 


{i:j* 


3-48 


0-57 


107 




31 


7*977 


0-789 


3-12 


0-6 


0-95 




32 










3-84 














/ 12-49 
1 11052 


9782 


2-708 


21-68") 
16-85) 


5-63 

6-0 
5-96 


{|:j* 


3-81 


1-04 


2-12 




33 


9*189 


1-863 


3-08 , 


1-03 


1-86 




34 
35 


11-50 


6-315 


6-192 


45-12 


1-29 


5-21 


1-3 


2-11 




36 


13-263 


7-685 


5-678 


4206^ 

21-77) 


6-96 


1-4 


4-22 


0-48 


1-54 






r 11-718 
i 12-391 


9*16 


2-562 


("1-16 
il-11 


2-74 


1-3 


2-4 




37 


9*51 


2-881 


28-25 


6-19 


8-11 


1-06 


2-3 




38 


10-823 


9-605 


1-218 


11-25 


6-31 


1-18 


3-02 


0-75 


1-7 




89 










5-33 
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TABLE OF SCREW •STEAMERS 

3. — Engines and 





theYeiiel. 


renofthe 


Deaerotion 
Engines. 


^i 


1 


Reroln- 

tions 

per min. 




i 




Horiea* 
Power. 


1 


1 


^H 


1 


1 






Cyls. 


inches. 




No. 


No. 


n>. 


lb. 


In. 


H.r. 


B.r. 




1 


Ajax . { 


Mandilayft \ 
Field ; 


Horiiontal 4 


U 




46 


48 


1224 


6 


241 


450 


846 


Direct. 


2 


Amphion 1 


MiUerft 1 
RaTenhiU / 


Ditto . . 2 


48 




48 


46 


16 


10 


26 


300 


692 


^ 


8 


Arcber 


Ditto 


Ditto . . 2 


46 




48 


3616 


16*8 


10 


26 


200 


846 


Stol 


4 


Arrogant 


Penn ft Son { 


Horisont.! , 
Trunk / * 


60—241 
-66/ 




60 


66-6 


13 


6 


27 


860 


623 


INieet 


6 


Bee . . { 


•^JU-'* } 


Beam . . 1 


20 




.. 


48 


.. 




m 


10 


.. 


6 to 1 


6 


Blmhrim -f 


Seaward ft 1 
Capd J 




62 




46 


43 


14-13 


10 


27 


450 


938 


Direct. 


7 


Brisk . { 


Boott,Sin- 1 
Clair, ft Co./ 


Ditto . . 2 


62 




40 


.'. 


.. 






250 


.. 


2*26 to 1 


8 


Conflict ' { 


Seaward ft 1 

Capel / 

Bob. Napier . 

Ditto . . 


Ditto . . 4 


48 




76 


68 


14-19 


16 


26 


400 


777 


Direct. 


9 
10 


Do. length- 


Ditto . . 2 


84 




36 


24*8 


12-42 


8 


85* 


680 


811 


2-876 to 1 




ened & Item 
altered 


Ditto . . 2 


,• 


w 


» 


88 


16-11 


*» 


36i 


M 


1218 


w 


11 


De.pemte{ 


Maudakyft 1 

Field ; 

Benniea . . 


Ditto . . 4 


56 




40 


^ , 




.. 




400 




8-182 to 1 


13 


Dwarf 


Vertical . 2 


40 




36 


866 


16 


8 


27 


90 


816 


615 to 1 


13 


Enconnter| 


Penn ft Son { 


Horisont.') - 
Trunk/ ^ 


60—241 
.66/ 




80 


78 


13-31 


.. 


36 


360 


672 


Direct. 


14 


Ereboa { 


Manddayft / 
Field I 


Looom. \ 5 
ttPraa./ ^ 




.. 


.. 


.. 


.. 


.. 




30 


.. 


,. 


1( 


Eaplintei{ 


Seaward ft \ 

Capd / 

Peni&Son . 


Horiiontal 4 


62 




86 


.. 


.. 


.. 




620 


.. 


2tol 


18 


FWry . 


yert.OBca. 2 


42 




36-6 


61-6 


14 






128 


864 


6 to 1 


17 




Scott, Sin- 1 
Clair, ft Co./ 


Horicontal 2 


71 




48 


_ 


.. 


.. 




338 


.. 


8-33 to 1 


18 


Highflyer { 


Mandalnyft \ 
Field / 


Ditto . . 2 


66 




81& 


.. 




.. 




860 


.. 


27tol 


19 


Hogue { 


Seaward ft 1 

Capel / 

Ditto . . 


Ditto . . 4 


61i 




46 


60 


, , 


.. 


26* 


450 


.. 


Direct. 


20 


Hontio 


Ditto . . 2 


64 




46 


, , 




,, 




260 


, . 


2 to 1 


21 


Heg»ra . 


O.ftJ.Sennie 


Ditto . . 4 


49i 




66 




,, 


., 




860 




Direct. 


22 


Minx { 


Miller ft 1 
RaTenhiU / 


Vert. OscU. 2 


84 




66 


63-6 


12-19 


10 




100 


834 


4 to 1 


28 


Ditto, H.-P. 
diinl^iahed 


Seaward ft / 
Capel X 


H.Pres. 1 3 
loriiont. / 






.. 


140 


89 


60 




10 


82 


Direct. 


84 


Hiranda 


Rob. Napier . 




68 




82 




, , 


„ 




250 




8-43 to 1 


2S 


Niger { 


Manddayft 1 
Field / 


Ditto . . 4 


471 


1 10 


76 


74-3 


16-68 


8 


84^ 


400 


019 


Direct. 1 


18 


Fhaenix 


Penn ft Son . 


Vert.OsdL 2 


62 




28 


84 


12-37 


6 


26^ 


260 


489 


4 to 1 


«7 


Plnmper { 


Miller ft 1 
RaTenhiU / 


Ditto . . 2 


87 




82 


46 


28-2 


14 


36k 


80 


148 


2-»tol 


28 


RatUer { 


MandBlayft \ 
Field / 


Vertical . 4 


40* 




26 


36 


13-42 


6 




200 


428 


4 to 1 


29 


Beynard . 


O.&J.Rennie 


Horiiontal 2 


28 




60 


64-4 


30-27 


14 




60 


165 


2 to I 


SO 


Rifleman { 


MiUerft l 
RaTenhiU / 


Ditto . . 2 


46 




48 


43 


1412 


10 


35J 


200 


366 


3 to 1 


31 
32 


Ditto, H.-P. 
diminiahed 


}Ditto . . 

Booltonft ( 
Watt 1 


VertOsciL 2 

Horiaont.-) . 
OsdL / * 


34 
44 




48 
56 


44 


14-12 


10 


S6* 


100 
360 


188 


2-6tol 
Diiect 


Sana-pap / 
rea t 


83 


Sharp- f 
shooter I 


MiUerft \ 
BATcnhiU / 


Horiiontal 2 


48 




48 


46-9 


14-4 


10 


26 


200 


406 


tttol 


34 


Simoom { 


Boulton ft / 
Watt 1 


Horiiont.! . 
OscU. / * 


44 




66 


.. 




■.. 


.. 


360 


.. 


Direct. 


86 


T^ { 


MUlerft l 
RaTcnhm / 


Vert. OsdL 2 


34 




66 


60 


11-6 


10 




100 


17» 


4 to 1 


88 


Ditto, H..P. 


jPennftSon. 


Ditto . . 2 


87 






61-6 


14-86 


9 


26i 


40 


128 


3-73 to I 


37 
88 


Termar / 


Seaward ft \ 
G.Sj.Bennie 


Horiiontal 4 
Ditto . . 4 


88 
.49* 




: 


86'6 
66-6 


14*46 

12-78 


14 

8 


27 

27 


680 
360 


1861 
798 


2M 1 

Direct, 


89 


w«, } 


MOler ft 1 
Rarenhm / 


Vert. Oadl. S 


34 




- 


•• 








100 
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IN HER majesty's NAVY — Continued. 
Proportional Numbers. 









1 


Numbers showing the relatiye 


perform- 
the speed 
K>t of the 








Ratio of 


ance of the vesseli 
to vary directly as 


, assuming 
the cube re 






Name 






power, and inversely as the 




Draught 














of 
VeMel. 


Nominal 
Power to 


Indicated 
Power to 


Area of Midship 
Section. 


(Displacement) f 


Water 

for 
Dispt. 


« . •*• 




.«■ 














2§ 


'T • 


.S'n 




C§peed)3 


(Speed) 3 


(Speed)3x 


(Speed)3x 








13 1 


t 


sl 


f 


x©8ect. 
Nominal 


X ©sect. 
Indicated 






1 






*& 


Power. 


• Power. 


Power. 


Power. 




Ajax . . 


0*56 


2*12 


1-05 


3-98 


645*7 


348-2 


172*1 


91-6 


ft. in. 
22 64 


2 


Amphion 
Archer , 


0*55 


1'87' 


1-08 


369 


569-7 


283-5 


164-0 


83*1 


19 


3 


0*54 


1-73- 


093 


2-99 


888-8 


615-3 


276-4 


169-7 


14 1 


4 


Arrogant 


0-62 


1-98 


1-07 


3-43 


919-5 


531*1 


287-6 


166*1 


18 IH 


5 


Bee . . 


0-35 


0-97 




.... 


895-3 


.... 


327-9 


.... 


3 5i 


6 


Blenheim . 


0-61 


8-27 


■V-27 


4-73 


322-6 


154-7 


86-6 


41*5 


21 14 


7 


Brisk ; 


.... 








.... 










8 


Conflict 


*o-9a 


3- is 


i-is 


608 


805-5 


414-5 


225*8 


131**6 


14* 6 


9 


Dauntless 


rii 


3-38 


1-55 


4-73 


359-9 


257*4 


117-9 


84*4 


16 4 


10 


Do. length- 






















end & stem > 


.... 


3-37 


2*33 


7-09 


9820 


467-6 


322*9 


, 153*8 


16 4 




altered 




















11 


Desperate . 


.... 






.... 






.... 


.... 


.... 


12 


Dwarf . . 


204 


4-23 


"4*91 


10-16 


571 -9 


238-3 


276*3 


115*1 


5 6 


13 


Encounter . 


fll3 
\106 


3-2 


211 


5-98 


952-3 


609-6 


326-6 


180-1 


n 9i 




303 


1-89 


5-45. 


780-4 . 


434-8 


271-3 


151*1 


12 6 


14 


Erebus 


.... 


.... 


.... 






.... 






.... 


15 


Euphrates . 


.... 


.... 





.... 




.... 


.... 




.... 


le 


Fairy . . 


fl79 
\l-56 


4-2 


6-08 


11-94 


1322-0 


464-8 


562*6 


197-9 


4 10 


3-79 


3-91 


9-62 


1077-2 


428-9 


443*2 


176-5 


6 10 


17!Greenock . 












.... 


.... 




.... 


18, Highflyer . 


.... 




.... 






.... 




.... 


.... 


19 Hogue . . 
20; Horatio 


0*65 


i-09 


.... 




7687 


.... 


20*17 




22 10 


21 








.... 












.... 


22 


Minx . 


'i-22 


2-89. 


2-86 


679. 


625-5 


266-7 


263*6 


iiir3 


6 24 


23 


Do.,H. P. "> 
diminished) 


0*12 


0-29 


0-38 


0*91 


754-7 


238-8 


317-9 


100-6 


6 24 


24 


Miranda 







• • . . 


. . . 


.... 


.... 


.... 


.... 




26 


Niger . . 


ro'99 

U-02 


3-26 


2-06 


674 


862-2 


416-6 


262*9 


127-0 


14* ib 


3-32. 


JJ-34 


7-63 


iiiro 


483-2 


341*6 


148*6 


13 9k 


26 


Phasnix 


075 


2-27 


1-1 


3-34 


478-9 


325-6 


1680 


107-4 


27 


Plumper 


0-25 


0-79 


0-62 


1-99 


1101-5 


442*1 


343-7 


137-9 


12 3 


28 


Rattler 


r073 
1 0-6 


219 


1-56 


4-69 


14006 


664-5 


465-8 


2177 


11 3 


1-9 


1-32 


4-15 


1477-7 


676-7 


470-8 


215-6 


13 6 


29 


Reynard 


0-27 


0-84. 


0-69 


2-15 


1439-3 


662*2 


463*3 


181*0 


10 11 


30 


lUflemaa 


1*15 


3-24 


f201 
\2-12 


5-65 
5-95 


459*0 
741-4 


263-6 
404*1 


163-6 
264-2 


93*9 
1440 


9 3 
9 3 


31 


Do.,H. P. -1 
diminished J 


0-67 


1-61 


107 


3-04 


899-7 


478-6 


318-2 


169-3 


.U 




0-6 


1-46 


0-95 


2-78 


1010*1 


531-9 


8469 


182*6 


33 


SanspaDBil . 


. . . 










.... 




.... 








fl-04 
11-02 


3-15 


'2-1*2 


6-43 


898-6 


440-4 


296*8 


145*4 


9 i* 


33 


3-1 


1-86 


5-66 


760-4 


416*4 


250-2 


137*0 


9 3 


34 


Simoom 


- . .. 




.... 






.... 








35 


Teaser. 


1-20 


2*88 


d-11 


5-06 


208*8 


II8-9 


*87-6 


*49*9 


6**8 


36 


Do., H. P.^ 
diminished] 


0*48 


1-15 


1*64 


3-68 


940*6 


293-4 


394*5 


123*1 


5 8 




(-1-2 
11-06 


3-84 


2-4 


772 


642.2 


8I9.7 


200*4 


99-8 


16 S 


87 


Termagant . 


3-47 


1-26 


4-11 


268-8 


218*6 


79-1 


66-8 


17 


38 Vulcan 


0-75 


216 


1*7 


4-87 


1177-2 


519-6 


412-0 


181-8 


15 6 


39Wa«p . . 




.... 











.... 








N.B.— The Experiments made on each Vessel are continued and correspond throughout the three 
Tables of Screw Steamers in H. M. Navy. 



202 APPENDIX. 

PARTICULARS OF THE GREAT EASTERN STEAM-SHIP. 

{Communicated by J, Seott Rwett, Etq.) 

MateriaL Of Iran, 

Bnilden. /. Seott Ruitell and Co. 

Gross Tonnage 22,500 Tons. 

Nominal Hone-power, total 2600 H. P. 

Length between Perpendiculars 680 feet. 

Length on Deck 691 ,» 

Breadth, extreme 83 „ 

Depth of Side 58 „ 

Estimated Draught, light 20 „ 

Ditto, laden 30 „ 

Screw Enoinss. Jame$ Watt and Co., Makeri. 

Nominal Horse-power of Screw Engines 1600 H. P. 

Description. Horizontal JHrect-actinff. 
Geared or Ungeared ? Ungeared. 
Number of Cylinders. Four. 

Diameter of each Cylinder 84 inches. 

Length of Stroke 4 feet. 

No. of Strokes of Engine per minute 55 

Kind of Boilers. Tubular. 

Pressure of Steam 25 lbs. 

Kind of Screw Propeller. Four Bladet, ordinary. 

Diameter of Screw 24 feet 

Pitch of Screw 44 „ 

Padolb-wheel Engines. * /. Seott Ruesell and Co.t Makert. 
Nominal Horse-power of Paddle-wheel Engines . • . 1000 H. P. 
Description. Oscillating. 
Number of Cylinders. Four. 

Diameter of each Cylinder 74 inches. 

Length of Stroke 14 feet. 

Kind of Boilers. Tubular. 

Pressure of Steam 25 lbs. 

Kind of Paddle Wheels. Common. 

Diameter of Paddle Wheels 56 feet. 

Length of floats of ditto 13 „ 

Depth of floats of ditto 3 „ 

Any provision for reefing ? Yes, to reef. 

Total Coals carried 10,000 tons. 
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TABLE No. IX. 
Statistical Return by the Registrar-General of the Board of 
Trade, showing the progressive advancement of Steam Navigation in 
the British Empire. 



Year. 


Merchant Steamers built and 
each year in the 


registered in 


No. of Merchant Steamers 
belonging to the 
British Empire. 


United Kingdom. 


Plantations and 
Channel Islands. 


VesselB. 


Tons. 


Vessels. 


Tons. 


Vessels. 


Tons. 


1814 


5 


285 


1 


387 


2 


456 


1815 


9 


786 


1 


608 


10 


1,633 


1816 


8 


568 


1 


670 


15 


2,612 


1817 


7 


421 


3 


1633 


19 


3,950 


1818 


6 


1,340 


3 


1198 


27 


6,441 


1819 


4 


342 


.. . 




32 


6,657 


1820 


8 


655 


1 


116 


43 


7,243 


1821 


22 


3,008 


1 


258 


69 


10,534 


1822 


27 


2,449 


1 


185 


96 


13,125 


1823 


19 


2,469 


1 


52 


111 


14,153 


1824 


17 


2,234 






126 


15,739 


1825 


24 


3,0Q3 


5 


1189 


168 


20,287 


1826 


72 


8,638 


4 


404 


248 


28,958 


1827 


28 


3,376 


2 


408 


275 


32,490 


1828 


30 


2,039 


1 


246 


293 


32,032 


1829 


16 


1,751 






304 


32,283 


1830 


18 


1,745 


i 


481 


315 


33,444 


1831 


31 


2,749 


5 


1687 


347 


37,445 


1832 


33 


2,851 


5 


1239 


380 


41,669 


1833 


33 


2,928 


3 


1017 


415 


45,017 


1834 


36 


5,128 


3 


628 


462 


50,735 


1835 


86 


10,924 


2 


375 


538 


60,520 


1836 


63 


8,758 


6 


942 


600 


67,969 


1837 


78 


11,669 


4 


478 


668 


78,288 


1838 


84 


9,569 


3 


288 


722 


82,716 


1839 


62 


6,139 


3 


383 


770 


86,731 


1840 


74 


10,178 


3 


461 


824 


95,807 


1841 


48 


11,363 


6 


1028 


856 


104,845 


1842 


58 


13,716 


9 


1215 


906 


118,930 


1843 


46 


6,129 


7 


610 


942 


121,455 


1844 


65 


6,113 


8 


817 


988 


125,675 


1845 


65 


10,894 


8 


1056 


1012 


131,202 


1846 


77 


15,956 


11 


1216 


1070 


144,784 


1847 


103 


16,170 


12 


1613 


1154 


146,557 


1848 


114 


15,334 


14 


1142 


1253 


158,078 


1849 


68 


12,498 


12 


982 


1296 


167,310 


1850 


68 


14,584 


13 


943 


1350 


187,631 


1851 


78 


22,723 


10 


804 


1386 


204,654 


1852 


104 


30,742 


8 


1050 


1414 


223,616 


1853 


153 


48,215 


9 


793 


1534 


264,336 


1854 


174 


64,255 


15 


2191 


1708 


326,452 


1855 


233 


81,018 


30 


3844 


2010 


408,290 


1856 


229 


57,573 




Returns n 


ot complet 


e. 



iTie British Government possesses 324 Screw Steam Vessels of all sorts (including 
1 &4 Screw Gun-boats) and 109 Paddle Steamers ; making a total of 4JJ3 Steam Vessels. 
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APPSNDIX« 



TABLE No. XL 
AVERAGE SPEEDS OP EOYAL MAIL STEAMEES IN THE YEAE 1867. 



m 

I 



P4 



-a Be 



& 



p 



station. 



11. 



«2J 



S O 



PL) 



Pera. . 

Pera . . 
Pera . . 
Pera. . 
Colombo 
Colombo 
Colombo 
Indus . 
Indus . 
Indus . 
Etna . . 
Etna . . 

Alma . 
Alma . 
Alma . 
Aden 
Ganges . 
Bentinck . 
Hindostan 
Ava . . 
Pekin . 
Bengal . 
Bombay 
Nubia . 

Tagas . 
Tagus . 
Taeus . 
Sultan . 
Sultan . 
Alhambra 
Alhambra 
Euxine , 
Euxine . 

Atrato . 

Atrato . 
Orinoco. 
Parma . 
Parana . 
Magdalena 
Tamar . 
Tamar . 
Tamar . 

Terrible 
Terrible 
Terrible 



Screw 



Scr6w 



Paddle 



2018 



1864 



1950 



Screw 2220 



Screw 



Screw 
Paddle 
Paddle 
Paddle 
Screw 
Paddle 
Screw 
Screw 
Screw 

Paddle 



Screw 

Screw 

Paddle 
»» 

Paddle 



Paddle 
Paddle 

Paddle 
Paddle 



2160 



1200 
2000 
2000 
1600 
1200 
2200 
1200 
2090 

800 



1124 

642 

1164 
t> 

8466 



2901 
8070 



2948 
1963 



460 Jan. 1857 



March, 

May ,; 
June ,, 

^: 

July X 

April ,, 
June ,, 
July K 



Soatbampton to Alex- 
andria and back 



Knts 
5902 



Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 



Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 



Nov. 1856 
April 1867 
June „ 
Jan. „ 
Jan. ,, 
Feb. „ 
March,, 
April 
A- •' 
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800 



May , 

July , 

July , 

July . 

Aug. , 

July , 

July , 

July , 

July , 

Aug. , 

Sept. , 

May , 

Aug. , 

June , 

June , 

Sept. , 
Juiy 



Southampton to Malta 
Malta to Alex. Aback 

Indian Ocean . . . 

Ditto 

Ditto 

Ditto 

Ditto 

Sues to Calcutta . . 
Suez to Calcut. & back 

Ditto 

Indian Ocean . . . 
Suez to Calcnt. ft back 
Indian Ocean . . . 

Ditto 



2132 
1688 



KMta 
11-28 

10-66 
1103 
9-88 
10-97 
11-22 
11-09 
9-41 
9-37 
8-94 
11-10 
1110 



9280 10-68 
9-48 

2184^1-86 



Paddle 1850 800 
fwithlSOtons) 
" (.more weight J 



1846 



Sthmpton to Gibraltar 
Ditto Ditto 

Sthmpton to Gibraltar 
Ditto Ditto 

Ditto Ditto 

Ditto Ditto 

Ditto Ditto 

Ditto Ditto 

Southampton to St. 

Thomaa and back 

Ditto Ditto 

Ditto Ditto 

To St. Thomas . . . 

To St. Thomas & back 

Ditto Ditto 

Southampton to Lisbon 
Lisbon to Madeira 
Pemambuco to St. Yin. 

Tetuan to Malta . . 
Malta to Gibraltar . 



2972 

4757 
9614 

7884 
9514 
4686 
2134 

2448 

1»06 
2448 



7244 



3622 
7244 



535 
1600 



11-47 
917 
810 
9-44 
9-81 
1-777 
9-39 
8-21 
8-67 

816 
8'00 
8-72 
8-93 
9-67 
710 
9-38 
9-95 
9-52 

11-49 

11-69 
971 
9-40 
9-31 
9-46 
9-84 
10-49 
11-27 



5-36 

4-17 

6-18 
6-20 

8-81 



97710-83 
990 9-25 
9221 9-04 



4-10 

2-79 

3-08 

8-14 

306 

3.21 

312 

4.9 

5-09 

3-73 

5-29 
4-76 
6-80 



• During those three trials only two of the Terrible'g four boilers were used, and the 
steam was expanded in thf cylinders after | stroke, no sail being set. 
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1. — SHOWING THE ECONOMIC VALUES OF DIFFERENT COALS. 
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Johnson&Wirthing- 
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NEWCASTLE 
COALS. 

Andrew's House 

(Tanfield) . 
Newcastle Hartley 
Hedley's Hartley . 
Bate's West Hartley 
Buddie's West 

Hartley 
Hastin^'s Hartley 
Carr's Hartley 
Davison's West 

Hartley 
North Percy Hartley 
Haswells Coal Co.'s 

Steamboat Wall's- 

end 
Derwentwater'a 

Hartley 
Original Hartley 
Cowpen & Sidney 

Hartley 
Lydney, "Forest of 

Dean . 
Staveley.Derbyshire 
Broomhill 
Slievardagh (Lish 

Anthracite). 

SCOTCH COALS. 

DalkeithJewelSeam 

Dalkeith Coro- 
nation Seam 

Wallsend Elgin . 

Fordel Splint . 

Grangemouth . 

Wellewood . 

Eglinton 

Conception Bay, 
CMU . 

PATENT FUELS. 

Warlich's Patent 

Fuel . . . 
Lyon's Patent Fuel 
wylam'sPatentFuel 
Bell's Patent Fuel . 



7-21 
6 



9-39 
8-23 

8-16 
8-04, 

7-82 
7-77 
7-71 

7-61 
7-67 



7-48 



7-42 
6.82 



6-79 



8-62 
7-26 
7-30 



9-85 



7-08 

7-71 
8-46 
7-56 
7-40 
8-24 
7-37 

5-72 



10-36 
9-58 
8-92 
8'53 



B. 

480 
61*6 



521 
50-6 
520 

50-8 

60-6 
48-5 
47-8 

47-7 
491 



49-6 

50-4 
49-1 

47-9 

54-4 
49-9 
52-5 



49-8 

51-6 

54-6 

56-0 

64-26 

62-6 

620 



69-05 
61-1 
6508 
66-3 



7911 
81-73 
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78-17 

77-11 
7804 
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78-36 
78-29 



79-3« 

78-79 
77-98 

78-67 

80-04 
79-79 
7979 

99-67 



79-67 

78-61 
78-61 
78-61 
80-48 
79-78 
79-84 

80-64 



72 26 
74-73 
68-153 
71-12 



•619 
•631 



623 



680 
626 
673 

•630 



•6X5 

•657 
'694 
699 
674 
669 
661 



•956 
-817 
-948 
•918 



61-44 
68-89 



61-36 
68-95 
57-28 
63 87 

62-39 
60-90 
63-66 

64-27 
66.46 



60-32 

66.32 

68-81 

64-23 

47-02 
52-90 
46-66 

68-65 



5-98 

52-17 
43-78 
42-92 
48-36 
63-57 
61-48 



4-49 
22-30 
6-45 
8-91 



46-71 
43-18 



44-35 
4307 
44-13 

40-09 
46-18 
46-86 

46-96 
46-62 



44-44 
46-62 

46-76 

41-14 
44-88 
42-67 

3S-66 



49-98 

4316 
41-02 
40 92 
40-33 
42-68 
4307 



32-44 
36-66 
34-41 
34-30 



G. 

44-6 
82-0 
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69-6 

80-0 
76-6 
77-6 

76-6 
60-0 



79-6 



63-6 
80-0 



74-0 
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66-7 
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6 
362-7 



9-80 
8-66 
8-71 
8-26 

801 
7-93 
8-13 

7-83 
7-72 
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380-40 
438-6 
406.2 

4860 



467-8 
409-1 
418-9 
6491 1 
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2. — SHOWING THE COMPOSITION OF AVERAGE 
SAMPLES OF THE COALS. 
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ea-i 


Celeahill 


1-29 


T:i-B4 


5^14 


3 '47 


2■;^^ 


829 


^m 


59^0 


T!iomw'< MrrtlijT 


l'3n 


«>-ll 


+-.11 


1-00 


Das 


'i-m 


IfS 


e&-51 


Ntifln's Mi-rUiyr , 


I ai , 


ai'i^ 


4 la 


OlSi^ 


im 


^'53 


1'25 


7»-U 


HlU*»,PlyraoiifhWrtrk?i 


115 


«5S'|9 


4-00 


t>'4G 


0-S4 


3'^^ 


3-^9 


ea-as 


AtwffliLreCit/iiMerth^r 


I'.^t 


Hti'iaii 


4-J4 


1-tie 


o-i»i 


I'fta 


3-Sfl 


mia 


0«dleT nlDc.ri^i:t scani . 


l';i^ 


&iia 


4-3 1 


1-0:1 


0S7 


2-21 


5\14 


iS-B4 


Neatit Aljhtiy 


I'^il 


wi-oi 


£iifi 


JO? 


I'A] 




SRd 


61^ 


Giutley FoilT-fcet fieam . 


VJ53 


8H^'ki 


4-79 


n^ 


1 11 




4'6ft 


mti 


Llyn^i - , , J 


i"3a 


67- 1 J- 


5-ija 


use 


1-33 


s-sa 


5-04 


n^ 


EpckViiwi . , , 


1-^ 


77-B8 


4-K> 


0-&7 


090 


a'i5 


7-56 


@-flO 


LANCASTITKB 


















COALS. 


















B^CiuTV Arlcy . 


1'3B 


S3-54 


5*^ 


tl'pS 


1-05 


5'B7 


aa^ 


es-i» 


Black] ev Uunn . 


iat3 


moi 


S53 


1-6S 


1-43 


5^28 


4i6 


67*«t 


BlackbfcKjfc Liltle Deir. 


1-Jfi 


f*-l'7i3 


B'55 


1'4B 


1(17 


4J^ 


4-.11 


B&^4S 


Buahj Park Mi[j€t 


r^ 


77'TtI 


5-23 


JS3 


I'iJi 


899 


5ijy 


!>e-ea 


D ImcMiri^ok, U iiih? Park 


I'lff 


ai'lG 


S-G9 


ISj 


162 


7' a) 


±^ 


^•10 


Joi^niiun and Wirthiii^- 


















Vin'i, Euahy Piirlt . 


1-^ 


nbo 


£-m 


j'21 


2-71 


0-lW 


fit* 


57-S3 


Laffjik, Kn!^hv Pjirk , 


1-^45 , 


»J'47 


B-?l 


1*27 


i;i4? 


s;ti 


a-B3 


H-m 


B4ilcLLrraB TTajuli Yard , 


i-as 


fe'2-2rt 


5-47 


V'^ 


1-4H 


6-04 


,1-00 


mm 


Cflnni:! [\Viifan5 , 


1-23 


T>^ 


Gild 


I'SB 


1-43 


7'24 


4'+V| 


Ol>^ 


Biitcarrsiss LUkIrbv 


i":i<i 


sa-!Jri 


b^m 


140 


1-51 


£■5,1 


2-00 


fc^-M 


HAlt'Lirram FiVivfept 


I'Jfl 


74'ai 


fi'tO 


077 


aw 


;s-i)8 


SI-21 


56-fla 


Julin*on [uml Wtrr.lnltfe- 


















tO&'BtHJTJoLnl 


1'31 


TB-se 


4*9a 


1'07 


VM 1 


S-15 


ll-4tt 


sa-i£ 


NEWCASTLE 


















COA^.S, 


















Anjltcw'it TJoiinft 


















[TajiliL'IiE ■ . 


I'lKI 


>J&'5S 


S'Jll 


l-2fl 


132 


4' Ml 


2-14 


05' IS 


NcwciL*Tk lljirctejT * 


r^ 


S3 83 


Ei-r.fl 


Piis 


V\V.t 


2'Eih 


;-fc4 


04-61 


HwJl^-v'a IE;ir[]uv . 


l-Hl 


Hi-'y, 


s-'JH 


l'3« 


y> 


2-40 


0-15 


7^-Bl 


Riitt'h ^Vr.*r llLii-Tlfj * 


I 25 


i«i:i 


s-ait 


1-52 


I'^i 


)3-&l 


4'2r» 




Buddlij^fl W'^-i Hattlty 


1-33 


W-75 


iiiH 


1'4S 


Vin 


T-i'tJ 


«-a6 






'25 


B-J'J-t 


fi-4-i 


i-(3l 


l'li,5 


6-44 


a-m 


S6SQ 


1-ia 


TU'fSi 


511 


1-17 


0-fi2 


78d 


,^21 


«0-6S 


DiLVJ-HiSAVr'^t Hartley 


l-^JS 


tCI-JK5 


rrs^l 


JTi 


1-:^!^ 


2-M 


a-f^ 


^4& 


Nkmd Pi-f%' [Ltrtley . 


l'3!i 


fc(t'(^-t 


E-413 


0-JW 


0T3 


0-Ul 


S'sa 


67-13 


HDjiM.til] Ci»ti1 i'li.'fs 


















^tpaiiiljrijii: Wi.Ti*K[irL 


l^^ 


H371 


&'3{1 


Iflfl 


121 


tS-TS 


a-t)9 


ei-K 


Der H'ini t w.i, t ti rS I i aril «i:y 


!■;« 


;]*-i3! 


4-74 


1 M4 


I'HT 


10-31 


S73 


H-ffl 


Ori^inikJ Tliirtlfv - 


^2j 


tl-lii 


5'.W 


72 


i^it 


B-JiiS 


307 


£S*^ 


CfiWprn ftnJ SjMlni-'Jr 


















Hsirtlsr . / \ 


_1^^ 


aa-sj 


^-10 


l-gQ 


_o-n_ 


77^9 


2-33 


se^» 
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LocaUty 


Specific 
gravity 




Hydro- 


1 
Nitro. 






1 


Per-cent- 

aueof 
coke left 


Name^JfCoia. 


of 
Coal. 


Carton 


«en. 


gen. 


Sulphr 


Ozygea Ash. 


NEWCASTLE 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


COALS. 


















H5S?^?.^^: 


1-28 


78-52 


5*69 


2-04 


2-27 


6-48 


10-00 


67-80 


1-27 


79-8B 


4-84 


1-28 


0-72 


10-96 


2-40 


67*86 


1-25 


81-70 


617 


1-84 


2-85 


4-87 


8-07 


69-20 


^^issfs^^-.'"".^: 


1-69 


8(H)8 


2-80 


0-28 


6'76 


inclu.-) 
dedin • 
ash. J 


10-80 


90-10 


SCOTCH COALS. 


















Dalkeith Jewel Seam . 


1-27 


74*iS6 


614 


0-10 


0-83 


18-Sl 


4-87 


«9*8() 


Dalkeith Coronation 


















Seam . . . . 


1-81 


76-M 


5-90 


Trace 


0*88 


U-*J 


8-10 


68-60 


Wallsend Elgin . . 
Fordel Splint . . 


1-20 


76-00 


5-22 


1-41 


1*58 


6-05 


10-70 


68-45 


1-25 


7»-88 


«'60 


1-18 


1'46 


8-88 


4-00 


52-03 


Gnmgemoiith , . 


1-29 


79-85 


5-98 


1-85 


1'42 


8-58 


8-62 


56-60 


WeUewood . . . 


1-27 


8186 


6-28 


1-58 


1*67 


6-87 


2-80 


59-15 


Eglinton . . . 


1-26 


80-08 


6-60 


1-55 


1-88 


8*05 


2*44 


54-94 


FOREIQJI COALS. • 


















Formosa Island . 


1-24 


78-26 


6-70 


0-64 


0-49 


10-96 


8-96 




Borneo (Labuan kind) 


1-28 


6452 


5-74 


0-90 


1'46 


20-76 


7-74 




Borneo, 8-feet seam * 


1-37 


54-81 


5-08 


0-88 


1-14 


24-22 
19-l5 


14-32 




Borneo, U-feet seam * 


1-21 


70-88 


5-41 


0-67 


1-17 


8-28 




Conception Bay. ChiU. 
Sydney, N. S, Wales , 
Port Famine 


1-29 


70-56 


6-76 


0*96 


1*98 


18-24 


7-52 


43-68. 




82-30 


5-82 


1-28 


0-70 


8-82 


2-04 






64-18 


588 


0-50 


1-08 


22-75 


6-21 




Laredk) Bay *, ', * 




88-98 


4tl 


0-66 


6*14 


18-88 


86-91 






58-67 


5-63 


071 


M4 


17-88 


16-68 




Sandy Bay, Patagonia, 


















No. 1. 




62-25 


6-06 


0-68 


M8 


17-54 


18-40 




Ditto ditto. No. 2. 




69-68 


5-68 


064 


0-96 


17-46 


15'64 




Talcahnano Bay . 
Tancottver's Luand 




70-71 


6-44 


i-oe 


0*94 


18-96 


6-92 






6S-9B 


588 


1-02 


2-20 


8-70 


15-83 




Colcuira Bay, Chili . 




78-80 


5-50 


1H» 


1-06 


8-87 


5-68 




PATENT FUELS. 












finelu. 
dedin 
lash. 






WarUch*8 Patent Fuel . 


1-15 


OOitt 


556 


Trace 


1-62 


2-91 


8610 


















Lyons ditto ditto . 
Wylam's ditto ditto . 


1-18 


86-86 


4-56 


1-06 


1-29 


2-07 


4-66 


1 


1-10 


79-91 


5-69 


1-68 


1-25 


6-68 


4-84 1 66-80 


Well's ditto ditto . . 


1-14 


87-88 


5-22 


••81 


0-71 


0-42 


4-96 1 71-70 



^ — SHOWING TkE AMOUNT OP VARIOUS SUBSTANCES PRO- 
DUCSD BY THE DESTRUCTIVE DISTILLATION OF CERTAIN 
COALS. 



NameoftheCoaL 


Coke. 


Tar. 


Water. 


Ammo" 
nia. 


Carbon. 
Acid. 


Sulph. 
Hydro- 
gen. 


Oleflant 
Gas and 
Hydro- 
Carbon. 


Other 
Gases in- 
flamma- 
ble. 


Oraigola . . . 
Anthracite, from Jones, 

Aubrey and Co. 
Oldcastle Fienr vein . 
Ward*s Fiery Vein 
BineaCoal . . 
LlanKennec^ 


86-60 
98iN) 

79-80 

88-10 
88-69 


1-20 
none 

6-86 
1-80 
208 
1-22 


8-10 
2-87 

8-39 
8-61 
8-58 
4-07 


0-17 
0-20 

0-86 
0-24 
0-08 
008 


2-79 
0-06 

0-44 
1-80 
1-68 
3-21 


Traces 
0-04 

0-12 
0-21 
0-09 
0-02 


0-23 

(7) 

0-27 
0-21 
0-31 
043 


9-77 

408 
7-28 
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APPENDIX. 



TABLE No. XIII. 

TABLE OF THE TEMPERATURES AND RELATIVE VOLUMES 
OF STEAM OF DIFFERENT DENSITIES. 



Preuure 




RelatiTe 


Pressure 




Relatiye 


in pounds 

per so uare 

inch. 


ing tempera- 
ture, Fahren- 


Volume of 
the Steam. 


in pounds 


ing tempera- 
ture, Fsjiren- 


Volume of 
the Steam. 


lbs. 


degrees. 


▼olume. 


lbs. 


degrees. 


▼olume. 


1 


102-9 


20868 


31 


253-6 


857 


2 


1261 


10874 


32 


255-5 


833 


3 


141-0 


7437 


33 


257-3 


•810 


4 


152-3 


5685 


34 


2591 


788 


5 


161-4 


4617 


35 


260-9 


767 


6 


169-2 


3897 


36 


262-6 


748 


7 


175-9 


3376 


37 


264-3 


729 


8 


182-0 


2983 . 


38 


265-9 


712 


9 


187-4 


2674 


39 


267-5 


695 


10 


192-4. 


2426 


40 


2691 


679 


11 


197-0 


2221 


41 


270*6 


664 


12 


201-3 


2050 


4>2 


272-1 


649 


13 


205-3 


1904 


43 


273-6 


635 


14 


209-1 


1778 


44 


275-0 


622 


15 


212-8 


1669 


45 


276-4 


610 


16 


216-3 


1573 


46 


277-8 


598 


17 


219-6 


1488 


47 


279-2 


586 


18 


222-7 


14il 


48 


280-5 


575 


19 


225-6 


1343 


49 


281-9 


564 


20 


228-5 


1281 


50 


283-2 


554 


21 


231-2 


1225 


51 


284-4 


544 


22 


233-8 


1174 


52 


285-7 


534 


23 


236-3 


1127 


53 


286-9 


525 


24 


238-7 


1084 


54 


2881 


516 


25 


241-0 


1044 


55 


289-3 


508 


26 


243-3 


1007 


56 


290-5 


500 


27 


245-5 


973 


57 


291-7 


492 


28 


247-6 


941 


58 


292-9 


484 


29 


249-6 


911 


59 


294-2 


477 


30 


251-6 


883 


60 


295-6 


470 
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TABLE No. XIV.— 3ft7^ TabU. 



GO 

1 

CO 


eo 

OH 

<N 

OH 

o 

00 

eo 

1— 1 
o 


§ 


»ot^«ocNio>ooo>o^oeO'-< 


en 

Q 

i 


CO 

a 

00 


D 
O 

a 

PS 
& 

GO 

Ed 


iOeO^J'vt^C^lt^eO'*<oo»Cs^ 
MOO'^Oi-^t^CMCMMO"^'^ 
c^epO>CMOOeot^CMOO'^p-< 
t*ebo6>aoi^«b»b»b4!«'^^ 


«OOI»0«OcOcCir500COO>»OCM 


t>>C^liOaOiO(Oaoe4C4G^]>OI>. 

Oc0t^t^e000eoeoe0f-<»0'^ 
ep'^o>eaooeot^MoO'*f-< 
^«coo6kao^«<bkb•b'^^^ 


»rt00cOt^eOi-iC^00iOi-^"^M 


|-^COO>C^IO>00>^-^00>OC^ 
OOOOOOO'^'^'^.^OO 
epTt<OepOi-^e0t^e«00"^i-i 
t*cb»^6>6ofr»<b»b»b'*'^'Jj< 


Qpco•o^«eocp•oaoepo>lpc4 


•ftCO<0^i-^Tt<00»>.iO<Ot>. 

i>.eO'*c^t>.i-i«o»OTt<o««o»o 
'^»0©epOi^eOt^OJOOTt<p-< 


r>.oeoo>oi<o»o»Meo^<o»ft 
o>^<Ofr*eoepipo>epo>.oo« 


0'^f«r>.oooo»HO»ftWci^ 
^oot^.oo><Nt^<o»oeor>.«o 

**^»^6>ooi?»«b»b»ft4r«'^'^ 


^iOkr)oo»«o>o^ooeo<OTt< 
OT»<«pr*epep»oo>eoo>»0<M 


tN.«0rHO00Cle00>c000t^«0. 


o«oooeoeo«>.o>i-io>»f>ooift 


eooo'*o>c^oo>t^*N.'<j»aD*N. 
i>.<Oi-i6>aot*«bibib'i<'^ir5 


or>.cMOcoo)aoeoo)kO«»in 
<NOfr*oOTfepiOO»eco»»ocvi 


eooO'*'«i<.-^»ot^ooi-^oo«o 

OI'^OOC^'t1<t>.OOOt^»OOOt^ 
00t*.7ii1«.-i^'^l^(N00-*»H 

P-H ^ »H 






O'^'^OOt^cOOiOQOOiO 

oco<pco>nookTitOiOaotA 

e0OI^00Tt<Tt<i00>'^0>iftCM 


oeOiOOoeOiACN.«>>^ao^.-4 

-<0>^'^000.-^0>0000»00 

ak»«c4Tt«>34i^<<(i«r^^qO'<4«^ 


O'^C0e0OG^]i0Oe0>0kr)O 
«00>O«0t^<NOOrt«O00<0 


0«OOeOi-iOOO(0'^'«fO<0 
0'«J»»Ot^OOOCN|00>«0000 
O0p<N'j!«.-^^'*00CiaD»O.-^ 

oo«'^o»oor*«b.bo'^i«'<j<'^ 


«Okr)T}4a>O)90^«ocvitN.o>«o 


OOkCI<<1<e4Cv|'^OOeOOO ov^ 

oo«»^6>oo«>*«b»?3iO'ij«4i«'^ 


(Nt«0 4'*OC00400»0>i-^0 


r-ieO^'^OOp-fiOOOOi-^*© 
QOkOO]OI'-^MiOCIOl>.pHO> 

P-io>cp»pe^o<Tt<ooeoooio»H 

ao«.^6»<»i?*«bib»b'^4i«4!« 
^ ^ ^ 


0<OOTjtOOO<NOOO«OcO»0 

ooi>.ea'«i<eo<0'^ooeoaDO*^ 
ooooc«^<^'«**o«oeoo>o 

OseO^Ot^OOOiOCi-^OiOQO 


'*oo«00>ooeoeO'^t^Tj«;Oi-i 
r^OkO-^eo-^tOcOf-fOO^O 
c«oeo««<Ne^ri<oo«paD»oc^ 
d0'^f^6>(»t*«bib»O'^'^-^ 


t^eo<N'*«ooo><j«'*r.Op-iCM<o 
eooeoociWTt^ooeoooiooa 
ao-Jf'^«»ao*^<bio»b'^'i<^ 


O000t^0«0©»ft0^00 

Otbeiooor^(b(bano'Tt«4t< 

eg p^ — ^ 


»-iOOOOOiOC^OcOCOt^OO^ 

<Op-<e>ior<»r>.ao»oeoo4Cvi.^ 

-^^TfOMW-^J^OOcOOOiOCl 

ooTt<'-<o>aot>.«bJao'*!»'^''l!« 




e0^>O<0t»Q0akO»H09e0'<1< 




eO'*o«ot^ooo>O^MeO'^ 
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TABLB No. XIV.— J«/« Table^eontinued, 



73 

Q 
Z 

o 


3 

CO 

1-H 
-^ 

O 

30 
CO 

»>• 

CO 

so 

CO 

in 

CO 

CO 
CO 

CO 

C^ 

CO 


O 

X 

a? 


OO'^c»^*a0f7H»p»7l^*epO 


Q 

8 


04 

00 

in 

in 
<o 

CO 
m 


o 

a 

cu 

CO 

i 


(>J O !>. i-l 40040CO«0^^<0'-' 
0OOipi0«pO'*t<O<p(>IO 


eo^»oeooeO'^QOr-QO'<*«t^ 
Tt*cM04eot^QOt^oe«Ji-Ht>.t>. 
-;-•^^T^04^^qp^7•»p•7*«>.e0O 
«bciooor*<b<b»ft>rt'^'Tf4'^ 


«oo»ooji-ii-io<-»cot>.»oac 

(M0D»rtrtC004<N*^.-»<M<r»O 

F-iooootoo-jHo^peao 


«o«o<o»ooi«oin*N.ooTt*o— « 

i-HOCM»OOOODOCMCMt>.QO 


O^'^eOt^'^OOOeO^^cC 
ocMQOeO'^oeo*-«.c^eoo^ 

»boiooor*«b«b»«»b'^t*'^Ti« 


00i-H»0»>»OOO»i— "COCOQOQO 
(MOOLOCiQOOp-<Oi-Ht>.eOO 

«DOiooot*<b<b»rtiO'?t«4jt^ 


Tf»c^c^ii-Hco«}0*N.aoos?o«^ 

iO«Oi-Hif5«Or-4-«i*<QOC<ICOOi-l 

^- ^-4 F-M 


c0 4^<»o<oeo*->i»ocMa)00 

<Oif3000C^l<MO(M'^COOC4 

e00D»oOq004C^<f>7<«;;*c0O 


cricoo»oo^c>o<Okntnf— icvj 

i-iO'**>.tN.Cl»rtCiCO'^.— "(N 
COCaP7H<pipt|^OTfO<pcOO 
»fte4O00t^«D<bJ5»b-^-Tt«rJ< 


aocooiOJco«3i>»coocOif3io 
eo0^^caTf<eOf— leOkft-^oo 
'^c»<OOQOC»c<i«0'7»t;*eOO 


00'fl<<0C»CiTt«<0O'*»f3«— "Ol 
C0C4p-H«p»rtt^O»0O«pcpO 

«boiooot*<b<b»o«o^'^-^ 




»OQ0Oi<— ••-H*f5*>.»— •■^»fte>iico 


O«0Cv|Q0*>.e00ii— i-^OtO'iO 

oa»ooo*N.«oco»o«oooo 


t>. Oi i>. »-^ l->. O 1— • •— ' <0 CO <o »o 
i-HC^C^C0CM«O00C<l»O<OOJeO 

ineoC4r^<o^«0>po^cpo 

»be40oor*oOkO»ftT*<Tj*'^ 




:::::::::::: 


<por*oooo>w<p»7»t^Tt«^ 


'r>«i-iOC>c004i-HOC0CsC^O 

ooi>.in»OTf»>.a»eo«o«oeo-i' 
»peoe4t*«pt^o»po«Depo 


't'p-ftoeoc^ioO'Ciooot^Tj* 


<Mc0<0O04<N^00O»ftt^^ 

io^ODoOifi00co*N.*^eoM' 

iJf5e<lO00Jf>.O«DO»bTj'rt«4f< 


CMeoi>.coc^oi>.t>.oot^(M^ 


1 


CM»Or-4Ot>.Oi-l'?j<t^00'i<'* 

t^-^eoop^poOPTHtOOfpcoo 
»oc«ooot^«b«b»rtib4j«'^4f 


-hOOOI>.*^CM*n.»0OQ0C0 
O00i-H«0'<J«'-<0D000>00(N(M 


a>0»OCOC»QO(M»rt'^t^t>.-t* 
00O'^C<IOi-iC^lk00000'»»<i-0 

i^^k«cpooOQp.;^»no«oepo 


•^40cOeO'«»<i-«eo«oe«Ji>.eOQO 

OOeOTj«OOOeOO>CiOOOCO<M 
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GLOSSARY 

OP 

TEEMS CONNECTED WITH MAEINE ENGINES 
AND BOILEES, 

{WITH FRENCH TRANSLATIONS.) 



Air-casing^ of thin sheet iron, (la 
chemise,) surrounds the bottom of 
the chimney, to prevent the radia- 
tion of heat to the deck. 

Air-pipCf a small copper pipe lead- 
ing from the top of the hot-well 
through the ship's side, for the 
discharge of the air and uncon- 
densed vapour pumped by the air- 
pump. 

Air-pump, (la pompe k air,) is re- 
quired to maintain the vacuum in 
the condenser by withdrawing the 
condensing water, air, and uncon- 
densed vapour. 

Air-tubeSf are small wrought-iron 
tu'bes hung in the coal-boxes from 
the deck, and filled with water, 
for the purpose of ascertaining 
the temperature of the coals by 
a thermometer, as a precaution 
against spontaneous combustion. 

Angle-iron, (comiere). 

Annular-piston, is one made in the 
form of a ring encircling an inner 
cylinder which is enclosed within 
the external one.. This arrange- 
ment is sometimes adopted to gain 
length of connecting-rod, by caus- 
ing it to descend within the inner 
cylinder. 

Anvil, (masse). 



Ash-pits, (cendriers,) underneath the 
fire-bars of the furnaces, where the 
ashes collect. 

Atmospheric or single-acting engine 
(machine avapeuratmosph^rique,) 
is a condensing engine in which the 
pressure of the steam acts during 
the up-stroke only, the return 
stroke being performed by the 
pressure of the atmosphere acting 
against a vacuum. 

Auxiliary ox feeding engine, (machine 
alimentaire,) fitted tosupply tubular 
boilers vrith feed-water when the 
large engines are not working, and 
the ordinary feed-pumps are there- 
fore inactive. 

Axle, (tourillon). 

Babbifs patent soft-metal bushes, are 
formed of an alloy of 1 lb. copper, 
50 lbs. tin, 5 lbs. regulus of anti- 
mony. 

Bach-balance of eccentric, (contre- 
poid d'excentrique,) is fixed to the 
back of the eccentric pulley for the 
purpose of balancing its weight on 
the shaft. 

Back-balance of slide valves, is the 
weight fixed at the extremity of 
the valve-lever for balancing the 
weight of the slides. 
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Back'lash, is the term given to the 
jar which ensues when one portion 
of the machinery which receives 
motion from another (but without 
being always in actual contact) has 
its velocity so increased from some 
extraneous cause, that it falls back, 
with a sudden blow, upon the pai:t 
from which it ought to derive its 
motion. 

Back-links, the links in a parallel 
motion which connect the air-pump 
rod to the beam. 

Ballnst, (sable). 

Banking-up the fires f raking them to 
the bridge of the furnace, and then 
smothering them with cinders and 
small coal, the draught being at the 
same time checked. By this means 
the fires are kept in a state of 
languid combuation, but are ready 
to burn up briskly again when 
steam is wanted at short notice, 
the red-hot mass being then broken 
up, raked forward, and the draught 
re-admitted. 

Barometer or vacuHm-gauget (baro- 
metre,) is fitted to the condenser 
of an engine to show the vacuum. 
It resembles the common weather- 
barometer, except that the top of 
the tube is in communication with 
the condenser. 

Barrelofapump, (corps.d*unepompe). 

Base-plate, see Sole-plate. 

Beam or side-lever engines, (machines 
a balanciers,) are those in which the 
motion of the piston is communi- 
cated to the crank through rocking 
beams or levers at the sides. 

Beams of a vessel, (travers). 

Bearers, (supports,) are the cross bars 
in the furnaces supporting the ends 
of the fire-bars. 

Bear, is a small apparatus for punch- 
itag holes by hand. 

Bearing neck or Jounuil of a shaft, 
(coussinet d'un arbre,) is the part 
which revolves within the pedestal- 
brasses, and supports the weight or 
strain. 

Bedding of a boiler, (lit d'une chau- 



diere,) is the seat on which it 
rests. 

Bilge-pumps, (pompes d'epuisement 
de cale;) worked by the engine, to 
clear the water from the bilge of 
the ship. 

Blowing-off, (vidange de chaudiere,) 
the process of ejecting the super-, 
salted water from the boiler in 
order to prevent the deposition of 
scale or salt. 

Blow-off cocks, and pipes, are those 
through which the brine is ejected. 

Blowing-through, (purger d'air,) is 
the process of clearing the engine 
of air by blowing steam through 
the cylinder, valves, and condenser, 
before starting. 

Blow-through valve, (soupape a purger 
d'air,) is fitted between the valve- 
casing and the condenser for the 
temporarypassageof the steam used 
in blawing through. 

Boiler, low pressure, high pressure, 
(chaudiere a basse pression, a haute 
pression). 

Bolt f-^ boltedt (boulon ; boulonne). 

Boss, (renflement,) is a centre or 
swelling of any kind in which a 
hole or eye is bored. 

Box-keys, are the upright keys used 
for turning the nuts of large bolts, 
or where the common spanner can- 
not be appUed. 

Bracket, pedestal, or plummer-bloek, 
the fixed support for the bearing 
of a shaft in motion, formed so that 
it can be fixed vertically to the 
frame of an engine or the side of 
a beam, etc. 

Brass, (bronze,) an alloy of copper, 
tin, and zinc, in different propor- 
tions. Tough brass, for engine- 
work, is formed of 10 lbs. copper, 
1^ lb. tin, and H ^^- zinc. Brass 
for heavy bearings, of 1 lb. copper, 
2i oz. tin, i oz. zinc. 

Break or brake, (frein). 

Bridge of a boiler, is the barrier of 
fire-bricks or iron plates contain- 
ing water, thrown across the fur- 
nace at the extreme end of the 
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fire-bars, to prerent the. fuel being 
carried into the flues, and to qui<^en 
the draught by contracting the area. 

Brme-pumps, (pompes de saumure,) 
are worked by the eagines to with- 
draw the super-salted water from 
the boilers methodically, instead 
of by periodical blowing-off. 

Bvlkheadsy (doisons). 

Bmhj is a lining of brass, steel, or 
other metal, fitted in an eye or 
bearing, either to diminish friction 
or prevent rapid wear* 

Callipers, are ccMnpasses with round 
legs, used for taking the diameter 
or thickness of circular or flat in- 
side work about an engine. Inside 
calipers, are uaed for measuring 
the internal diameter of a brass or 
hole of any kind. 

Cam, for expansion, is a disc of cast 
iron having the periphery cut in 
an irregular figure, for giving the 
proper motion to the expansion 
valve. It is graduated in steps, so 
as to suit the different degrees of 
expansion. 

Carriage by sea, (transportation) ; by 
land, (montage). 

Cast, (coul^). 

Cast-iron, (fonte). 

Cataract, is a contrivance introduced 
into marine engines for softening 
the fall of the expansion valves 
when these are made upon the Cor- 
nish principle. It consists of a 
little brass cylinder filled with 
water or oil, and fitted vrith a solid 
piston connected by a cross-head 
with the valve spindle. The fall 
of the valve is checked and regu- 
lated by the escape of the water or 
oil through a small hole bored for 
that purpose in the side of the 
cylinder, the piston of the cataract 
descending according as the liquid 
is forced out from before it by the 
pressure due to the weight of the 
expansion-valve. 

Cement, (ciment, mastic). 

Centre-boss, of the paddle-wheels, 



(renflemdnt eei^ral des rouea a 
aiubea). 

Chimney, (chemin^e). 

Chisel, (ciseau, burin). 

Claek'9ahe, (clapet,) a flat valve with 
a hinge-joint. 

CletMranee of titue piston » is the small 
space left between the piston and 
the top and bottom of the cylinder 
at the end of each stroke. 

Clinkers, (scones,) are the incombius- 
tible matter left on the fire-bars 
during the combustion of the coal. 

Clinker-bar, (traverse de cendrier,) 
is fixed across the top of the ash- 
pit to support the slice used for 
clearing the interstices of the bars. 

CMMng (envelopper) the ateam- 
pipes, boilers, etc., means covering 
them with felt and other non-con- 
ducting materials, to prevent the 
radiation of heat. 

Coals f coal bunkers, (les houilles, 
charbon ; soutes a charbon). 

Coal-trimmer, a man whose duty it is 
to work within the coal-boxes, and 
briing the coals to the doors at the 
boiler front, as they continue to be 
consumed. 

Cock, (robinet). 

Cogged wheels, (roues dent^es,) are 
those fitted with wooden teeth or 
cogs, for the purpose of lessening 
friction and giving smoothness of 
action. 

Cold-chisel, (ciseau a froid,) a chisel 
properly tempered for cutting cold 
iron. 

Collar of a shaft, (collier,) is the pro- 
jecting rim on each side of the neck 
or bearing, to' confine it sideways 
during its revolution. 

Common steam, in contradistinction 
to super-heated steam, is steam in 
contact with the water from which 
it was generated. 

Condenser, (condensateur,) is the cast- 
iron box in which the process of 
condensation takes place. 

Condensing engine, (machine a con- 
densation,) is one in which the 
steam is condensed after leaving 
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the cylinder for the purpose of 
gaining the effect of the atmosphe- 
ric pressure. 

Connecting-rod, (bielle de la mani- 
velle,) in a direct-acting engine, 
communicates the motion directly 
from the head of the piston-rod to 
the crank : in a side-lever engine, 
from the cross-tail to the crank. 

Consumption offv^l, (consommation 
de combustible). 

Countety (compteur,) a little instru- 
ment employed for registering the 
strokes of an engine. 

Couplinff of a shaft, (accouplement,) 
is the mode of connecting together 
two or more lengths of a revolving 
shaft, by shaping the ends into flat 
surfaces or bearings, which are held 
together by a strong iron bush or 
coupUng^box, 

Cover or lap of the aUde-vdhe on 
the steam side, (recouvrement des 
tiroirs,) is the space which it ad- 
vances beyond the opening of the 
steam-port after it has closed it, 
and is given for the purpose of 
causing the engine to work expan- 
sively, by cutting off the admission 
of steam before the end of the 
stroke. 

Cover or lap on the exhausting side of 
the piston, causes the passage to 
the condenser to be closed before 
the end of the stroke, the piston 
being then said to be cushioned by 
the elasticity of the confined va- 
pour upon which it descends. 

Crank; cranked, (manivelle, coude; 
coud^). 

Crew of a vessel, (r^qoipage d'un 
vaisseau). 

Cross-head, (traverse, tete croissee,) 
in a side-lever engine, crosses the 
head of the piston-rod, and com- 
municates the motion to the side- 
rods. 

Cross-tail, in a side-lever engine, takes 
the motion from the side-rods and 
communicates it to the connecting- 
rod. 

Cup-valve, resembles a conical valve, 



but has no spindle, being turned iu 
the form of a cup or portion of a 
sphere. 

Cushioning the piston, means that a 
small portion of steam is shut up 
between the piston and the cylinder 
top and bottom at the end of each 
stroke, which acts as a spring, to 
soften the shock, and to give the 
piston a start forward after the 
centre is turned. This effect is 
produced by the lap of the slide- 
valve on the exhausting side. 

Cutter, (clavette,) is the wedge-key 
used, in combination with the gib, 
(contre-davette,) for tightening the 
strap and brasses of ^ bearing, as 
the latter wear by friction. 

Cutting-ojff^ the steam for expansion, 
(la detente). 

Cylinder-cover, (couvercle de cylin- 
dre). 

Dampers, (les registres,) are iron 
plates, fitted by a hinge or other- 
wise, across the fronts of the ash- 
pits and the bottom of the chim- 
ney, for the purpose of regulating 
the draught. They are capable of 
being adjusted by hand to any de- 
sired area. 

Dead fires, when they bum slug, 
gishly. 

Dead-plate, a fiat iron plate frequently 
fitted before the bars of a furnace 
for the purpose of coking bitumi- 
nous coal upon before it is thrown 
back upon the fire. 

Dead-water, (eau morte,) is the cur- ' 
rent following in the wake of a 
ship and partaking of her motion. 

Deck, (pont). 

Depth of a vessel, (hauteur d'un vais- 
seau). 

Diagram of indicator, (courbe d'in- 
dicateur,) the figure traced by the 
pencil, from which the pressure is 
calculated. 

Dip of the wheels, (immersion des 
roues,) the depth of water over the 
top of the vertical board. 

Direct-acting engines, (machines a 
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action directe,) are thcNse in which 
the motion of a piston is communi- 
cated directly from the head of the 
piston.rod to the crank through 
the connecting-rod, without the in- 
tervention of side-leyers. 

Discharge, delivery^ or waate-water 
pipe and valve^ (tuyau et soupape 
de decharge ou de sortie,) are those 
through which the heated condens- 
ing water and vapour are discharged 

' into the sea by the air-pump. 

Disenffaging or disconnecting the pad- 
dies or screw from the engines, by 
suitable machinery, permits them 
and their shaft to revolve freely in 
the brasses by the re-action of the 
water, by which means the speed 
of the ship when under canvas is 
not so much affected as if they were 
dragged through the water. 

Displacement t (deplacement,) of a 
vessel, is the weight of water which 
she displaces, being equal to her 
own weight. 

Donkey or aiunliary engine,, (ma- 
chine alimentaire,) is used for feed- 
ing the boilers while the large en- 
gines are at rest. 

Double-acting engine, (machine a 
double action,) is one in which the 
steam acts against a vacuum on 
each side of the piston alternately, 
as in the ordinary marine engine. 

DouNe-actingpump, is one which lifts 
and forces water alternately, by 
means of a solid piston or plunger 
and an entrance and exit valve 
communicating with each side, (as 
the feed and bilge pumps of a ma- 
rine engine). 

Double-cylinder engine, as patented by 
Messrs. Maudslay, has two cylin- 
ders, between which the lower end 
of the connecting-rod descends, its 
Btotion being communicated from 
the piston-rod by a bent cross-head 
working in grooves between the 
cylinders. 

Draught of the chimney, (tirage). 

Draught of water, (tirant d'eau). 

Drift, (repoussoifi) is a round piece 



of steel, made slightly tapering, 
and used for enlarging a hole in a 
metal plate by being dnven through 
it. 

Drip-pipe, is a small copper pipe 
leading from ^he waste steam pipe 
inside, to carry off the condensed 
steam and other hot water which 
may be blown into the " trap " at 
the top. 

Driving wheel, (roue motrice,) in the 
gearing of a screw vessel, is that 
which communicates motion to the 
small wheel ox pinion. 

Drum, is a hollow cylinder fixed on a 
shaft for driving another shaft by 
a band. 

Dynamometer, (dynamometre,) is an 
instrument for indicating the thrust 
of the screw-propeller by means or 
springs and levers. 

EceetUric, (I'excentrique,) is the ar- 
rangement usually adopted for giv- 
ing the proper stroke to the valTea. 
It consists of the eccentric pulley, 
of cast iron, which is loose on the 
intermediate shaft, and the hocp, 
of wrought iron lined with brass, 
which encircles the pulley, and 
gives motion to the eccentric rod. 
The eccentric steps or snugs are two 
little projections fixed on the inter- 
mediate shaft for the purpose of 
carrying round the eccentric pulley, 
according as it is wanted to go 
ahead or astern, the pulley itself 
being free to revolve backwards or 
forwards between the two stops. 
The weight of the pulley is balanced 
on the shaft by the back-balance 
cast on it. 

Eduction or exhaust passages (tnyhux 
de sortie ou d'emission), through 
which the steam passes from the 
valves to the condenser. 

Elective diameter of a paddle-wheel 
is generally reckoned at one third 
of the breadth of the boards from 
each extremity of the diameter. 

Elective heating surface, (puissance 
calorifiqi^e), in ft boiler is that 
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which is considered of value in 
evaporating the water. The bottom 
surface of the flues and furnaces, 
and one-third of the whole surface 
of the tubes in tubular boilers, are 
usually rejected as ineffective. 

Engine beams cross through the en- 
gine room at the height of the en- 
tablatures, to steady them, and 
receive part of the thrust of the 
paddle-wheels. 

Engine bearers or sleepers, (poutres 
de fon dement,) are the longitudinal 
keelsons through which the foun- 
dation-plate is bolted. 

EngineeTf engine tenter^ (raachiniste, 
mechanicien). 

Entablature^ (entablement,) is the 
strong iron frame supporting the 
paddle-shaft. It usually receives 
additional stiffness from being con- 
fined between two beams of timber, 
called the entablature or eTigine 
beams, 

Eguilibriumf Comish, or double-beat 
va/t;«f, are frequently used in marine 
engines as expansion valves. Their 
peculiarity consists in their being 
pressed by the steam equally in all 
directions, so that they rise with a 
very sUght force, exposing at the 
same time a large area of steam 
with a very small rise of the valve. 

Escape or priming vahes, (soupapes 
d'^chappement,) are loaded valves 
fitted to the top and bottom of the 
cylinder, for the escape of the con- 
densed steam, or of water carried 
mechanically from the boilers with 
the steam. 

Escape-valves are also fitted to the 
feed pipes as a means of exit for 
the surplus water not used by the 
boilers. 

Expansion gear, (rencliquetage pour 
Texpansion,) is fitted to marine 
engines, independently of the cy- 
linder valves, for the purpose of 
cutting off the steam at different 
portions of the stroke, according as 
it is wished to economize fuel more 

> or less. It generally consists of a 



graduated cam on the paddle-shaft, 
against which a roller presses and 
communicates the movement pecu- 
liar to the irregular surface of the 
cam, through a series of rods and 
levers, to the expansion-valve^ situ- 
ated between the throttle- valve and 
the slides. 

Expansion or Fawcett Joint is a staff- 
ing-box joint used when a straight 
metal pipe, (as the steam pip^O 
which is exposed to considerable 
variations of temperature, has no 
elbow or curve in its length, to 
enable it to expand without injury. 
In such a case the pipe is divided 
into two lengths, which are united 
by a steam-tight joint accurately 
bored and turned, so as to allow 
the one pipe to slip within the 
other, when they lengthen by 
expansion. 

Experiment, (experience). 

Eye of a crank, etc., (encoche,'oeil,) 
is a hole bored to receive a shaft 
or pin. 

Fawcett Joint f see Expansion Joint. 

Feathering paddle-wheels^ (roues a 
aubes mobiles,) are those in which 
the requisite machinery is pro- 
vided for ^«/Amn^ the boards J or 
causing them to enter and leave 
the water in a perpendicular posi- 
tion. By this means the board 
leaves the water without lifting it, 
and the effect of the wheel is some- 
what increased. 

FeedUng aj»;7ara/«», (I'appareil alimen. 
taire,) for a marine boiler, consists 
of the feed pump f feed pipe passing 
through the refrigerator, feed coci 
on the boiler, escape valve for the 
surplus water, and water gauges to 
show the level in the boiler. 

Feeding engine^ see Auxiliary engine. 

Ferules (viroles) are rings of iron or 
brass frequently used for fastening 
the tubes of a tubular boiler in the 
tube plate. 

FileSf (limes). 

Fire bars, (barres du foyer). 
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Fire grate, (grille du foyer). 

Fire hose, are made adjustible to the 
discharge pipes from the bilge- 
pumps, from the auxiliary engine, 
(where fitted,) and from the hand 
pump in engine room. 

Fire men or stokers, (chauffeurs,) the 
men who work the fires. 

Firing-up, urging the fires, to make 
them form as much steam as 
possible. 

Flange, (rebord). 

Float boards or paddle boards, (les 
aubes). 

Flues, (conduits). 

Foot-valve, (clapet de fond,) is situ- 
ated between the bottom of the 
condenser and the air-pump, open- 
ing towards the latter. 

Forcing pumps, (pompes foulantes). 

Fork, (fourche). 

Fork-head, (t^te fourch^,) the double 
head of a rod which divides in 
order to form a connection by 
means of a pin. 

Foundation or baseplate, (plaque du 
fond,) see Sole-plate, 

Fox keg, is a key with a thin wedge 
of steel driven into the end, to pre- 
vent its working back. 

Frame of the engine, (chassis, cadre). 

Frames of a vessel, (membrures d'un 
vaisseau). 

Friction, (frottement). 

Fuel, (combustible). 

Fulcrum, (support, palier, crapau- 
dine). 

Furnace, (le foyer, fourneau). 

Fusible plugs, (bondelles fusibles,) 
are sometimes fitted in boilers, 
being expected to melt by the 
high temperature of the confined 
steam, and thus allow it to escape 
in case of its attaining a dangerous 
pressure from the safety valve not 
acting. 

Gasket, (garniture d'^toupe,) is the 
hemp packing, formed of soft cord 
plaited, which is used for making 
steam-tight joints. 

Gauge cocks, (robinets d'^preuve,) of 



brass, attached to the front of the 
boiler, for indicating the level of the 
water. 

Gauge, steam or mercurial, (mano- 
metre de verre, mercurial,) is a 
siphon tube half filled with mer- 
cury, usually employed for showing 
the pressure of low steam. When 
a marine boiler uses steam of high 
tension, a spiral spring is employed. 

Gib (contre-clavette), is the fixed 
iron wedge used, in conjunction 
with the cutter or driving-wedge 
(clavette), for tightening the straps 
and brasses of the different bear- 
ings. 

Gland, (botte a ^toupes,) is the cup- 
ped collar (lined with brass,) which 
encircles the piston and air-pump 
rod, etc., where it passes through 
the cover, being for the purpose of 
holding oil or tidlow for lubricating, 
and for compressing the packing of 
the stuffing-box upon which it is 
screwed down. 

Glass water gauges, (indicateurs du 
niveau de Peau,) attached to the 
fronts of the boilers for showing 
the level of the water. 

Governor, (regulateur,) in screw en- 
gines, is an apparatus by which the 
steam is shut off from the cylinders 
(when the speed of the engine be- 
comes too great), by the divergence 
of two balls from the centrifugal 
force, according as their velocity is 
increased. 

Grease cock, (robinet k graisse,) on 
the cylinder cover, for lubricating 
the piston with melted tallow, with- 
out permitting the escape of steam 
or the entrance of air. 

Groove, (trou, entaille). 

Guards (gardes,) for the bolts of an 
engine, are light frames of brass or 
iron, into which the nuts of the 
bolts fit, to prevent their working 
loose by unscrewing. 

Gudgeon, (goujon,) is any short pin 
or shaft used as a bearing for a 
moving portion of the machinery. 

Guides, (glissoirs,) are smooth sur* 
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faces between which the head of 
a piston-rod, etc., slides, to preserve 
its parallelism ; the sliding block 
attached to the cfbss-bead being 
called the Guide bJeck. 
Ounmetaly (bronze,) an alloy of brass 
very generally employed in engine 
work. It is formed by melting 
together 1 lb. of tin, 1 lb. zinc, and 
« lbs. copper. 

HdlTt condensersj a method of sar- 

. face condensation in which the 
steam is condensed by passing 
through a large number of small 
tubes immersed in cold water. 

Hammers (marteaux,) of three sizes, 
the largest being called sledge ham- 
mW"; the nextf yioffffing hammer; 
and the smallest, hajid hammer, 

ffandkf (manette). 

Hand pump, (pompe k bras,) is fitted 
in the engine room for filling and 
feeding the boilers by hand, for 
washing the decks, extinguishing 
fire, etc. It is always made capable 
of being attached to the engines 
when they are working. 

Heat ; heating powerf (chaleur ; puis- 
sance calorifique). 

Helm ; hHmsman, (timon ; timonier). 

Hemp, (etoupe). 

High-pressure, or more correctly, non- 
condensing engines, (machines a 
haote pression,) are those which 
work simply by the excess of the 
pressure of the steam above that of 
the atmosphere. Condensing en- 
gines, although sometimes using 
"high-pressure" steam, are never 
called high-pressure engines. 

High pressure steam, (vapeur a haute 
pression,) is a vague expression de- 
noting steam of a tension above 15 
or 20 lbs. pressure above the atmo- 
sphere. 

Holding-down bolts, (boulons de ca- 
rene,) are the strong screw-bolts 
employed to fasten the foundation 
plate of the engines to the ship's 
bottom. 

Horse-power, nominal, (puissance en 



chevaux, force d6 vheval,) is as^ 
sumed equal to 33,000 lbs. raised 
one foot high in one minute. 

Hot-welly (reservoir si eau chaude, la 
citeme,) is the reservoir for the 
water pumped out of the condenser 
by the air-pump. 

Hugging, is the expression used when 
one vessel is running so close in 
the "wake of another as to be in- 
fluenced by the current of dead- 
water following her, in which case 
the two may continue to keep cldse 
together, although the vessel Fan- 
ning behind may be, perhaps, a 
mile an hour slower than the other. 

Hull or shell of a boat, (coque d'un 
bateau). 

Incrustation or scale, (s^ment,) is 
the hard coating of salt, lime, and 
other mineral substances which col- 
lect on the inner surface of the 
plates of a boiler which is not regu- 
larly and sufficiently " blown off." 

Indeap of a spring balance, (curseur). 

Indicator, (indicateur,) is the little 
instrument employed for ascertain- 
ing the real power, as well as the 
state of efficiency of the internal 
parts, of a steam engine, by indi- 
cating the actual pressure in the 
cylinder during each stroke, and 
the time and manner in which the 
steam is admitted and shut out by 
the valves. 

Injection, (injection,) is the prociess 
of admitting, a jet of cold water 
from the sea into the condenser, to 
condense the steam as rapidly as 
possible. 

Inside bearings of paddle shaft, (upon 
a bracket bolted to the ship's side,) 
are employed when the wheels are 
" overhung." 

Intermediate shaft, is the strong shaft 
crossing the centre line of the 
vessel and connecting the paddle 
shafts of the two engines. 

Iron-yUtngs, (hmaille). 

Joints, (jointures,) aiticalaticms. 
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Journal^ (coussinet,) is the neck or 
bearing part of a shaft, upon which 
it turns, and by which it is sup- 
ported. 

Junk rinfff is a metallic ring confining 
the hemp packing of the piston 
(when such is employed), and made 
capable of being screwed down to 
compress it. 

Keekongj (cariingnes). 

Kepy (clef,) a wedge piece of iron 
used for tightening the brasses of a 
bearing, etc. 

Kingston's valves, are conical valves 
with a screwed spindle, and are 
very generally used for closing the 
orifices of the injection and blow- 
off pipes where they pass through 
the ship's side. 

Knees of iron, (^querres en fer). 

Laggings for the cylinder, etc., are the 
thin staves of wood employed in 
" clothing," to stop the radiation of 
heat and consequent condensation 
of steam. 

Lap of the slide vahe^ see Cover, 

Larboard engine i (machine deb^bord,) 
that on the left-hand side of the 
vessel when looking towards the 
bow. 

Latent heatj (chaleur latente,) is that 
portion of heat which is absorbed 
by gases and liquids, in a latent or 
insensible state, during their transi- 
tion from a denser to a rarer form ; 
as when water at 212° changes into 
steam at 212°, and when ice at 32° 
changes into water at 32°. 

Lead ^ the slide valve, (avance du 
tiroir,) is the small space which the 
valve opens to steam at the end 
of each stroke, upon the opposite 
side of the piston. It tends to 
check the velocity of the piston at 
the end of the stroke, and allows of 
the valve being open and ready to 
admit a larger supply of steam the 
instant the motion of the piston is 
reversed. 

Lead of the crank, (avance de la 



manivelle). It is usual in direct- 
acting, and generally in all un- 
balanced engines, to give what is 
called lead to one of the cranks ; 
which implies that the crank of the 
one engine is set a little in advance 
of the right angle to the other j 
namely, at 100° or 110° in place of 
90. This assists in rendering thq 
motion of the piston more uniform, 
by moderating its velocity at the 
en J of the stroke. 

Leather, (cuir). 

Length of stroke, (longueur du coup, 
ou de la course). 

Level, (niveau). 

Lever, (levier). 

Lighter or barge, (gabarre). 

Links, are short connecting pieces, 
with a bearing in each end, for 
transmitting motion from one rod 
or lever to another. 

Link motion, is an ingenious arrange- 
ment for working the slides, by 
which means the travel or stroke 
of the valve may be varied at plea- 
sure, and expansion given without 
a separate expansion valve being 
required. It also afibrds great 
facilities for stopping and reversing 
the engines. 

Log, engine-room, a tabulated sum- 
mary of the performance of the 
engines and boilers, and of the con- 
sumption of coals, tallow, oil, and 
other engineers* stores. 

Lubricators, (godets, ou boites a 
huile,) are the larger description of 
oil-cups for holding oil and dis- 
tributing it to the working parts of 
the engines. 

Main centre, (goujon central,) in side- 
lever engines, is the strong shaft 
upon which the side levers vibrate. 

Man-hole, (trou d'homme,) is a hole 
in a boiler or tank, fitted with a 
steam-tight cover, through which 
a man may enter for the purpose 
of cleaning and examining the in- 
terior. 

Metallic packing, for the piston, is 

N 
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composed of a ring or several rings 
of iron or other metal, sometimes 
cast so as to possess elasticity in 
themselves, or sometimes cut into 
segments and pressed against the 
interior of the cylinders hy springs, 
so as to form a steam-tight contact. 

Meirey equals 39*3702 English inches. 

MilCt Geographical or Nauticalf or 
knotf contains 6082*66 feet. 

MiJ€f British Statute, contains 5280 
feet, 1760 yards, or 1609 metres. 

Mile-post, (borne milliaire). 

Mitre-wheel, (roue a onglet,) has its 
teeth set at an angle of 45^ with 
the spindle, so as to transmit the 
motion to another mitre-wheel and 
shaft at right angles with it. 

Morgan* 8 feathering paddle-wheel, see 
Feathering paddle-wheels. 

Morticed, (assemble k mortaise). 

Mud hole, (orifice de nettoiement,) 
fitted with steam and water-tight 
doors, through which the deposit 
may be removed from the boilers. 

Muntz's metal, used for bearings, 
etc., is formed of 2 parts of zinc, 
3 parts copper. (Hard bearings.) 

Nave of a wheel, (moyen). 

Neck of SL shaft, (coussinet d'un arbre,) 
is the journal or bearing on which 
it turns and is supported. 

Non-condensing or high-pressure en- 
gines, (machines a haute pression,) 
are those in which the principle of 
condensation is not applied, the 
motive power being due solely to 
the excess of the pressure of the 
steam above that of the atmo- 
sphere. 

Notch, (encoche). 

Nut, (^rou). 



Oil-cups or lubricators, (boites a 
huile,) are fitted to the several 
bearings and rubbing surfaces of 
the engine for the purpose of lu- 
bricating them, to diminish friction. 

Oscillating engines, (machines aux 
cylindres oscillants,) are those in 
which the cylinders oscillate upon 



hollow axes or trunnions, through 
which the steam enters the valve 
casing. By this arrangement, the 
parallel motion and connecting-rod 
are dispensed with, the head of the 
piston-rod being attached directly 
to the crank-pin. 

Outside bearings to paddle-shaft, 
when the shaft runs through to a 
bearing on the spring beams. 

Overhung paddle-wheels, when the 
shaft does not run through to a 
bearing on the spring beams, but 
is supported by a bracket from the 
ship's side. 

Packing for the piston, slide-valves, 
etc., (garniture,) is employed to 
render them steam-tight, and is 
formed sometimes of rings of iron 
or other metal pressed outwards by 
springs (when it is called metallic 
packing) ; sometimes by hemp con- 
fined by a "junk ring,'' and com- 
pressed by screws (called hemp 
packing) ; and sometimes by rings 
of vulcanized India rubber and 
other elastic material. 

Paddle-wheels; paddle-bowes^ (roues a 
aubes ; tambours). 

Paddle boards or float boards, (les 
aubes) -, paddle-arms, (les raies des 
roues). 

Parallel motion, (leparall^ogramme,) 
is the name given to the combi- 
nation of jointed rods usually em- 
ployed in side-lever engines, and 
others, for preserving the parallel- 
ism of the piston-rod. 

Pedestal or plummer block, (support,) 
is the support for a shaft in mo- 
tion, holding the brasses on which 
it turns. 

Pet cock or test cock, (robinet 
d'essai,) is the name given to a 
little cock sometimes fitted at the 
top and I bottom of the cylinder, to 
allow the escape of water firom 
above and below the piston, in- 
dependently of the escape valves 
fitted for that purpose. They are 
kept open until the engines ar& 
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fairly under weigh, and are then 
shut. 

Pin, (happe, boulon). 

Pitch of a screw, (pars d'un h^ce,) 
is the distance between the threads, 
or the distance which the screw 
adyances during each reyolution 
when working in a soUd. 

Pitch circles, are the circles of con- 
tact of two or more toothed wheels 
working in combination. 

Pitching of a vessel, (plongement). 

Plates, (thin,) (lames, t61es). 

Phtg, (bouchon). 

Plummer block, see Pedestal, 

Plunger, (plongeur,) a solid piston 
without valves, used in the feed 
and bilge pumps, etc. 

Ports of the cylinder, (lumieres de cy- 
lindre,) are the short steam passa- 
ges leading from the top and bot- 
tom of the cylinder to the slide- 
valve casing. 

Priming or foaming of the boilers 
implies, that the water boils over 
into the steam pipes which lead to 
the engines, and is caused by the 
water being dirty, or there being a 
deficiency of steam-room in the 
top of the boilers. 

Priming valves, see Escape valves. 

Radius of curvature, (rayon de 
courbe). 

Radius rods or bars, (la bride du pa- 
rallelogramme,) are the guiding 
rods in a parallel motion jointed to 
the connecting links to counter- 
act the vibratory motion communi- 
cated by the side levers. 

Reciprocating, (altematif). 

Reefing the paddles implies discon- 
necting the float-boards from the 
paddle-arms, and bolting them 
again nearer the centre of the 
wheel, to diminish the dip when the 

- vessel is deep. This is sometimes 
done by machinery, in what are 
called reefing paddle-wheels. 

Refrigerator, is a vessel containing a 
number of copper tubes, through 
which the hot brine passes after 



being ejected from the boiler by 
the brine-pump. The feed water 
is at the same time passed through 
the vessel surrounding the tubes, 
and has its temperature thus raised 
by the waste heat of the brine 
before entering the boiler. 

Reverse or vacuum valves, (soupapes 
de siiret^ interieurs,) are small 
loaded valves opening inwards, and 
fitted to the boiler .to admit air 
when a vacuum is formed by the 
condensation of the steam inside, 
or when the pressure of the steam 
falls to a few pounds below the 
pressure of the atmosphere. 

Reversing gear, (leviers de reverse- 
ment,) is the apparatus provided for 
reversing the motion of the engine 
by changing the time of action of 
the slide-valve. This is done by 
bringing the eccentric behifid, in 
place of in advance qf, the crank. 

R^s, (tirants). 

Rocking shaft, the shaft, with levers, 
frequently used for working the 
slide-valves, the notch of the ec- 
centric rod dropping into a stud 
fixed in one of the levers, and the 
links of the sUde-valve spindle 
being attached to the opposite 
lever on the same shaft;. 

Rubbing part, (partie frottante). 

Rudder, (gouvernail). 

Rust joints, made by spreading over 
the surfaces to be united a mixture 
of one ounce of sal-ammoniac to 
one pound of cast-iron borings. 

Safety valves, (soupapes de sdcret^,) 
are fitted to the boilers for the es- 
cape of the steam, before it attains 
a dangerous pressure. 

Salinometer, (salinomeire,) is an in- 
strument for measuring the quan- 
tity of salt contained in solution in 
the water of the boiler, by indicat- 
ing either the specific gravity or 
the temperature at which it boils. 

Scale, (sediment, incrustation,) is the 
hard crust of salt, lime, etc., which 
collects upon the interior surface 
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of the plates of a boiler when pro- 
per attention is not paid to ''blow- 
ing off/' The hammers used for 
loosening and removing the scale 
are called scaUng hammers. 

Screw ; screwedf (vis ; visse). 

Screw boltSf (boulons en vis, boulons 

> taraudes). 

Seat of the valve, (si^ge de la sou- 
pape). 

Sediment collectors, or scale pans, are 
shallow vessels which are some- 
times fixed in boilers about the 
level of the water, for collecting 
the particles of sediment which are 
buoyed up to the surface by bub- 
bles of steam, and which would 
otherwise settle at the bottom of 
the boiler. 

Sensible heat, in opposition to latent 
heaty is free caloric, which is sen- 
sible to, or whose presence is indi- 
cated by the thermometer. 

Shaft, (arbre). 

Sheet iron, (t61e, fer en feuilles). 

Shovel, (pelle). 

Shrouds for the funnel, are the sup- 
porting chains from the deck. 

Side-tevers, in side-lever engines, 
(balanciers,) transmit the motion 
of the piston-rod from the side- 
rods to the cross-tail of the. con- 
necting rod. 

Sleeperst or engine bearers, (traverses) . 

Slice, (fourgon, tisonnier,) is the in- 
strument used for clearing the air 
spaces between the bars of a fur- 
nace, when they become choked 
with clinkers. 

Slide-vahes, (tiroirs, soupapes a 
tiroir,) are much used for the cy- 
linder steam valves of marine en- 
gines. The two kinds most com- 
monly found are called " long D " 
and ** short D " valves, from the 
form of their cross section; the 
distinction being, that in the first 
- case the steam enters round the 
outside of the valve, and exhausts 
through it, while, in the second, 
the exhaust takes place alternately 
from the top and bottom of each 



of the two short slides, which are 
strongly joined together by vertical 
rods. 

Slide-casing, or jacket, Tboite des 
tiroirs,) is the cast-iron box within 
which the slide-valves work. 

SHp qf the paddle-wheel or screw, is 
the amount which each sUps back 
in its progress through the water, 
in consequence of the imperfect re- 
sistance offered by the fluid, and is 
therefore equal to the difference 
between the rate of the wheel or 
screw and that of the vessel. 

Smith, (forgeron^. 

Smoke box, (boite a fum^e,) is the 
space in a tubular boiler between 
the ends of the tubes and the front 
or back of the boiler. It is fitted 
with doors, which remove for the 
purpose of cleaning the tubes with 
tube brushes, and removing ashes 
and soot. 

Smoke-burning aqtparatus is some- 
times fitted to boilers vrith the 
view of effecting a more perfect 
combustion of the inflammable 
gases, by introducing fresh atmo- 
spheric air above the bars. 

Snap, is a tool used by boiler-makers 
for giving the head of the rivet a 
round and symmetrical form before 
it cools, but after it has been closed, 

Snifting valve, (soupape reniflante,) 
is the small valve fitted to the con- 
denser, and opening outwards for 
the escape of the air and steam 
ejected during the processof "blow- 
ing through." 

Socket, (socle, crapaudine). 

Solders, (soudures,) are alloys of a 
medium degree of fusibility, em- 
ployed for joining metals together. 
" Hard solder" for brass is formed 
of 3 parts copper, 1 part zinc : soft 
solder for brass, of 6 parts brass, I 
part tin, 1 part zinc. A common 
solder for iron, copper, or brass 
consists of nearly equal parts of 
copper and zinc. 

Sole plate, base plate, or foundation 
plate, (plaque du fond,) is the strong 
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plate which is bolted on the engine 
bearers, and forms the foundation 
for the engine. 

J^panners, are the keys used for screw- 
ing up nuts. 

J^are gear, (pieces de rechange,) are 
carried in Government and other 
steamers^ to replace any portions of 
the machinery which maybe broken 
or injured at sea. 

Speed, (vitesse). 

Spindle, (axe, verge). 

Split pins, are those which have a thin 
wedge of steel inserted in the end 
to prevent their falling out. 

Springs, (ressorts). 

Sfpring balance, (balance k ressort,) 
is a spiral-spring weighing balance 
fitted with steam-tight piston, in- 
dex plate, and pointer, for showing 
the pressure of high steam. 

Spring beams (traversins de roues,) 
are wooden beams stretched be- 
tween the ends of paddle-beams to 
support the bracket for the out- 
side bearings of paddle-shaft. 

Square; square foot, (quarr^; pied 
carr^). 

Square tuck, is the flat surface left at 
the stem of a vessel when the 
planks of the bottom are not worked 
round to the wing transom, but end 
in the fashion-piece. 

Starboard engine, (machine de tri- 
bord,) is that on the right-hand 
side of the vessel when looking 
towards the bow. 

Starting gear, (encliquetage r^gula- 
teur,) for starting the engines, com- 
prises a wheel for working the slide 
valves by hand, and at the same 
time bringing the eccentric into 
gear, so as to continue the motion 
of the valves; a handle to open 
the throttle-valve, and admit the 
steam; one to open the blow- 
through valve, and another to admit 
condensing water through the in- 
jection-cock. 

Steam engine ; steam boat, (machine 
a vapeur ; bateau & vapeur, pyro- 
scaphe). 



. Steam chest, (reservoir ponrlavapenr,) 
is the reservoir for steam above the 
water of the boiler. 

Steam room, (espace pour la va- 
peur,) is the capacity for steam 
over the surface of the water in 
the boiler. 

Steam gauge, mercurial, (manometre 
pour la vapeur,) is employed to 
show the pressure of steam in the 
boiler by marking the height to 
which it will raise a column of 
mercury in a siphon tube. 

Steam-tight, (^tanche de vapeur). 

Steam tug, (bateau remorqueur). 

Steel, (acier). 

Steersman, (timonier). 

Stem, (poupe). 

Still or dead water, (eau morte). 

Stop valves, or communication valves^ 
(soupapes d'arret,) are fitted in the 
steam pipes where they leave the 
several boilers, and in the connect- 
ing pipes between the boilers, in 
such a manner that any boiler or 
boilers may be shut off from the 
others, and from the engines. 

Stops or snugs qf eccentric, are the 
catches on the eccentric pulley and 
intermediate shaft, for the purpose 
of communicating the motion of 
the shaft through the eccentric to 
the slide valves, either for going 
ahead or astern. 

Stow goods, to, (charger des mar- 
chandises). 

Straight line, (ligne droite). 

Strain, (effort). 

Stroke of the piston^ (course du pis- 
ton.) 

Stuffing-box, (boite a etouffe, le col- 
let,) is the mechanical arrangement 
by which a rod passes steam-tight 
through the cover of a cylinder or 
air-pump, etc. This is effected by 
the rod being surrounded at that 
place by a packing of hemp or 
gasket, which is compressed by 
means of the collar (with its brass) 
being screwed tight down upon it. 
The stuflSng-box is lubricated with 
oil or melted tallow, which is poured 
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into the cupped collar surrounding 
the rod. 

Sucking pump, (pompe aspirante,) is 
one which raises water by exhaust- 
ing the air from the barrel of the 
pump, into which the water is 
forced by the external pressure of 
the atmosphere. 

Suction pipeSf (tuyaux k succion, 
sufoirs). 

Super-heated steam, is steam whose 
temperature has been raised after 
it has left the water from which it 
was generated. 

Supplementary engine, see AuanUary 
engine. 

Surcharged steamy is steam which has 
an excess of heat beyond that due 
to its pressure merely. 

Sgfhon oil cups, are those fitted with 
a wick of cotton or worsted hanging 
over the edge of a little tube in the 
middle of the cup, the oil rising in 
the wick by capillary attraction, 
and dropping down the tube on to 
the bearing. 

Tallow; oH, (suif ; huile). 

Taps and dies, (fili^res,) are employed 
for forming the threads of internal 
and external screws. The former 
is a hard steel screw, grooved from 
end to end, so as to present a cut- 
ting section, and slighly tapered. 
This is turned round by hand, 
inside the nut, by means of the tap 
wrench. Dies are screwed nuts of 
hard steel, grooved in the same 
way, for cutting the threads of 
bolts. 

Template, (of a base plate, for in- 
stance,) is a model or gauge of it in 
thin sheet iron or wood, having the 
bolt holes cut out, and the various 
centres marked, for the purpose of 
transferring them to the hull of the 
vessel. 

Test cocks, see Pet cocks. 

Thread of a screw, (filet d'une vis). 

Throttle-valve, (soupape r^gulateur,) 
is situated in the steam-pipe, close 
to the slide-valve casing, and is 



used for regulating the flow of 
steam, which in the marine engine 
is done by hand. 

Ton equals 2240 lbs.; the French 
tonne equals 1000 kilogrammes, or 
2204*86 lbs. avoirdupois. 

Travel of the valves, (course dn 
tiroir,) is synonymous with their 
stroke. 

Trunk-engine, is one in which the end 
of the connecting rod is attached 
to the bottom of a hollow trunk 
fitted to the upper side of the 
piston, and alternating with it 
through the interior of the steam 
cylinder. The trunk itself passes 
steam tight through the cylinder 
cover, by means of a stufilng-box. 

Trunnions of oscillating cylinders, are 
the hollow axes upon which they 
vibrate, and through which the 
steam passes into the belt which 
leads round the exterior of the 
cylinder to the valve casing. 

Tubular boilers, are those in which the 
flame and hot gases, after leaving 
the furnaces, pass through a great 
number of small iron or brass tubes 
surrounded with water. 

Tktbe-phigs, formed of hard wood, are 
used for driving into the two ends 
of a tube that has been burst by 
the pressure of the steam, as a 
temporary remedy until a' new tube 
can be put in. 

T\tg, or towing boat, (remorqueur). 

Two-way cock, (robinet k deux eaux). 

Up-take, is the name given to the 
flue of a boiler into which the 
others are gathered at the end of 
their course; and thus taken up into 
the foot of the chimney. 

Vacuum gauge, or barometer, (baro- 
metre,) is fitted to the condenser 
to show the vacuum. 

Veumum pump, (pompe k vide,) is 
sometimes fitted to the boilers for 
the purpose of filling them above 
the level of the sea, by withdrawing 
the air from the inside of the boiler, 
when the water will of course rise, 
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by the atmospheric pressure out- 
side. 

Vacuum valves, see Reverse valves. 

Valves, (valvules, soupapes, clapets, 
tiroirs). 

Valve casing, (boite du tiroir, boite a 
vapeur,) is the cast-iron chest en- 
closing the slides. 

Valve-gearing, (armature du tiroir). 

Velocity, (vitesse). 

Wages, (gages, salaire). 

Washers, (rondelles,) are the round 
pieces of thin iron or brass inter- 
posed between the nut of a bolt 
and the^ surface upon which it is 
screwed'' down. 

Waste-steam pipe leads from the valve 
chest on the top of the boilers, 
to carry off the steam escaping 
through the safety valves. 



Waste-water p^e, see Discharge pipe. 

Water gauges, namely, glass water 
gauge and the brass gauge cocks, 
are attached to the front of the 
boiler for showing the level of the 
water. 

Water-tight, (etanche d^eau). 

Wear, (usure). 

Wedge, (coin). 

Weigh-shaft, is the rocking shaft used 
in working the slide valves by the 
eccentric. 

Wet steam is steam which holds 
watery particles in mechanical sus- 
pension. 

Worm wheel, is a wheel with teeth, 
formed to fit into the spiral spaces 
of a screw, so that the wheel may 
be turned by the screw, or vice 
versd. 



THE END. 
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ANALYSIS AND SUMMARY OF OLD TESTAMENT HIS- 
TORT AND THE LAWS OF MOSES, with a connection between the Old 
and New Testamente, m Introductory Outline of the Geography, Political 
History, Ac. By J. T. Whbblbb, F.R.G.S. Seventh Edition, post 8vo. 
cloth, red edges, 5s. ed. 

NEW TESTAMENT HIS- 

TORY; including, 1. The Four Gospels harmonised into one continuous 
Narrative. 2. The Acto of the Apostles, and continuous History of St. 
Paul. 3. An Analysis of the Epistles and Book of Revelation. 4. An 
Introductory Outline of the Geography, Critical History, Authenticity, 
Credibility, and Inspiration of the New Testament. The whole Illustrated 
by copious Historical, Geographical, and Antiquarian Notes, Chronological 
Tables, Ac. Fifth Edition, revised. Post 8vo. cloth, red edges, 6s. 6d. 

A POPULAR ABRmO- 



MENT OF OLD AND NEW TESTAMENT HISTORY, for Schools, 
Families, and General Reading. Explained by Historical and Geographical 
Illustrations, and numerous Map Diagrams. Two Vols. 18mo. cloth, 
2s. each. 

THE HISTORICAL GEO- 



GRAPHY OF THE OLD AND NEW TESTAMENTS. Illustrated with 
Five coloured Maps, and large View of Jerusalem, with a Plan of the 
Ancient City. FoUo, cloth, 7s. 6d. 

ART AND FASHION. With other Sketches, Songs, and Poems. 
By CHABLB8 Swain, Author of ** The Mind,** ** English Melodies,** Ste. In 
1 vol . post 8vo. cloth. lln preparation. 

BACKWOODS PREACHER (The), An Autobiography of Peter 
Cabtwbight. The Birth, Fortunes, and General Experiences of the oldest 
American Methodist Travelling Preacher. Edited by W. P. Stbioklano. 
Post 8vo. cloth, 2s. 

BAKEWELL'S (Frederick C.) PHILOSOPHICAL CONVER- 
SATIONS. Third Edition, with Cats. Fcap. cloth 2s. 6d. 

BARBAULD'S (Mrs.) LECONS POUR DES ENFANS, depuis 
rftge de Denx Ana Jn8qu*2t Cinq. Avee une Interpretation Anglaise. 
New Edition. 18mo. cloth, 3s. 

HYMNES EN PROSE, pour lea Enfans, traduitea 

de TAnglaiie par M. Clemenoe. ISmOk sewed. Is. 

a 



2 ^ CATALOGTJE OF WORKS 

BARCLAY'S UNIVERSAL ENGLISH DICTIONARY, con- 
taining information not only in Qrammar and Orthography, but on the 
Principal Sciences ami Prcresilona. Also, a Prdooaaoing Dictionary, an 
Epitome of the History of England, a statement of the varibos divisions of 
the Christian Church, a relation of the Coonties, Market Towns, and Cities 
of Great Britain, their distances from London, and other useful iuformatton. 
New Edition, revised and corrected, by B. B. Woodward, B.A., F.S.A. 
Illnstrated with nnmeroos Engravings and Maps. In One Vol. cloth, £1 12s. 

BARNES' NOTES ON THE NEW TESTAMENT, Critical and 
Explanatory. New Illostrated Edition in 4to., with an Introduction by the 
Rev. HsNRT STEBBUfo, D.D. Embellished with Steel Engravings. In Two 
Vols., cloth, £2 8s. 

BARTLETT'S (W. H.) FOOTSTEPS OF OUR LORD AND 

MJA APOSTLES. Bnper.royal 8vo., cloth gilt, 10s. 6d. 
FORTY DAYS IN THE DESERT. Super- 
royal 8vo. cloth gilt, 10s. 6d. 

GLEANINGS ON THE OYERLAND ROUTE. 



Sqper-royal 8vo. oloth gilt, 10s. 6d. 

JERUSALEM REVISITED. Super-Royal 8vo. 

cloth gilt, IDs. 6d. 
THE NILE-BOAT. Sup^royal 8vo. cL gilt, 10s. 6d. 

r-r- PICTURES FROM SICILY. Snper-ioyal 8vo. 

cloth gilt, 108. 6d. 
— ■ THE PILGRIM FATHERS. Super-ioyal 8vo. 

cloth gUt, lOs. ed. 

SCRIPTURE SITES AND SCENES. Ptost 8vo. 



cloth, gilt edges, 48. 

WALKS ABOUT JERUSAMM. Super-royal 

8vo. cloth gilt. les. 6d. 

BASKET OF FLOWERS ; or. Piety and Truth Triumphant A 
Tale for the Toung. S2mo. clotti, gilt edges. Is. 

BELLENGER*S ONE HUNDRED CHOICE FABLES, imi- 
tated from La Fomtainb* For the use of Children, and all Persons begin- 
ning to learn the French language; with a Dictionabt of the Words and 
Idiomatic Phrases, Grammatically Explained. New Editioo, reviled and 
corrected by G. J.Delillb, Professor lit Christ's Hospital, Ac. 12mo. d. ls.6d. 

BELLEWS (Rev. J. C. M.) SHAKESPERE'S HOME AT NEW 
PLAGE, Stratford-upon-Avon. A History of New Place, from Its Original 
EreottOQ by Sir Hugh Glopton, 1490, to its Destnietion in 1759, together 
with an Account of the " Great Garden ;** accompanied with Ulostrations, 
Copies of Fines, Indentures, &o. Pedigrees of the Shakespere and Clopton 
Families, a Ground Plan of the Estates at New Place, and Plan of Exca- 
vations hitely made. In 1 Vol. post 8to. cloth, gilt top, price 13s. ' 

BRENAN^S (JusTiK) COMPOSITION AND PUNCTUATION, 
familiarly explained for those who have neglected the Study of Giammar. 
Twelfth Edition, l2aM>., Ump cloth, is. 

BUNYAN'S PILGRIM'S PROGRESS, wiiih Woodouts. Fcap. 
doth, 38. 6d. 

— — Pictorial Edition, in 6nper- 

royal 8vo. IlUiatrated by 97 Hoc EagniTiqgs q9 Wood, bgr llie MIefaxi. 
Wbtmpbr. Also many Engravings on Steel, Irlth a Portrait and Staosimile 
of John Bnnyan*s Will. In One handsome Vol., doth boards. 18s. 

— HOLY WAR. Unifona in siae and atjde with th« 

above, and containing nnmeroos lUostrations. Neatly boond In cloth, las. 

'• ENTIRE WORKS. Edited, with Onginal Intro- 
ductions, Notes, and Memoir of the Anther, by the Beiv. Hmiwt Aisbbirq, 
D.B., F,R.6., Rector of St. Mary SomeiMt, Upper Tbaaiea atn«ik»JUMulan. 
With Illnstrations on Steel and Wood. Eoor large Ootavo Vols,, i&2 12«. 

BURNS* COMPLETE WORKS (The People's Edition). With 
Notes, and a Life of the Author, by the late Allah CjomifiGHAX; together 
with a copious Glossary. Illustrated by 33 Eogmvings (or HI 3!i»g»vings), 
and a Portrait of the Aiilbor. In sloth, ffUt itdgei, lSi.j w vlth the 
Sopylement, cloth, gilt edges, £1 48. 



PUBLISHED BY TtETXJE BROTHEES AND CO. 



BYRON'S POETICAL WOEKS (Pictorial Edition). Uniform 
with the ** People's Edidon of the Works of Borng.*' The Tfloct has been 
carefully takeb firom the best editions of the Works of Byron. It comprises 
, all the Notes pablished with the Poems when first tesued, and some valnabla 
additions by ti&e literary contemporaries and intimate fHends of the Poet, 
as well as an original Biography. Embellished with fiae Eogxavingt. In 
One Vol., £1 3s. 

CANADIAN CKUSOES; « Tale of tiie Rioe Lake Pliim& By 
Mrs. Tbaill (late Catherine Parr Strickland), authoress of" The Backwoods 
of Canada,*' &e. Edited by Agnss Strickland. With anmerons lUnstra- 
tions by Habvby. New and Cheaper Edition. Fcap. cloth, 3s. 6d. 

CAELILE (Rev. J., d.d.),— MANUAL OF THE ANATOMY 

AND PHYSIOLOGY OF THE HUMAN MIND. New and Cheaper 

Edition, revised. Crown 8vo. cloth, 4s. 
CHARUKS DISCOVERIES ; or, a Good Use for Eyes and Ears. 

With Cnt« by Wiujams. 16mo. cloth. Is. 6d. 
CHEMISTRY NO MYSTERY; bemg the Subject Matter ot 

a Course of Lectures by Dr. Scoffem. Illustrated wltii Dlj^rams and Wood- 
cuts. Second Edition, revised and corrected, with Index. Fcap. doth. &.6d. 
CHRISTIE'S CONSTRUCTIVE ETYMOLOGICAL SPELLLNG 

BOOK. New Edition, 12mo. cloth. Is. 6d. 
CITY SCENES ; or, a Peep into London. With many Plates. 

16mo. cloth. Is. 6d. 
CLASSICAL SELECTIONS IN PROSE. 12mo. doth, 2s. «d. 
COBBIN (Rev. Ingram, m.a.),~DR. WATTS* DIVINE AND 

MORAL SONGS FOR CHILDREN. With Anecdotes and Reflections. 

With Frontispieoe and 57 Woodcuts. New Edition. 18mo. cloth, is. ; 

with gilt edges. Is. 6d. 
COLA MONTI ; or, the Story of a Genius. A TW© for Boys. 

By the Author of " How to win Love." With Four Illustrations by 

Franklin. Foap. cloth, 2s. 6d. 
COMPOSITION AND PUNCTUATION, fanuTiady Explained 

for those who have neglected the Study of Grammar. By Justin Bkenin. 
• Twelfth Editloo. ls»mo. limp doth. Is. 
COTTAGE IN THE CHALK-PIT. By C. A. Makt. 18mo. 

cloth, is. 6d. 
CROSLAND'S (Mbs. Newton) STRATAGEMa With Cuts. 

16mo. oloth, gUt edges, 2s. 6d. 

CROWE'S (Cathbbinb) PIPPIE'S WARNING; or,HieAdven. 
tures of a Dancing Dog. With Cats. Unw. cloth, gitt edges,.2s. 6d. 

By fh6 BEV, J. CUMMINS, D.I)., F.B.S.E. 

APOCALYPTIC SKETCHES. New Edition, in Three 
Vols. £oap. cloth, I8s. 

Original Edition. Three 

Vols, doth, 3s. «d. each. 

BAPTISMAL FONT. Fcap. Is. ; cloth, gflt edg:es, 2s. 

CHRIST OUR PASSOVER. Fcap. cloth, Is. 6d. 

CHURCH BEFORE THE FLOOD. Fcap. doth, 8s. 6d. 

COMFORTER. Fcap. cloth, Is. 6d. 

COMMUNION TABLE. Fcap. sewed, Is. 6d. ; or doA, 3b. 

CONSOLATIONS. Fcap. cloth, 5h. 

DAILY FAMILY DEVOTION. 4to. doth, with Plates, 218. 

DAILY LIFE. Fcap. cloth, 3s. 6d. 

FINGER OF GOD. Foap. doth, l«i 6d. 

FORESHADOWS; or, Lectures on our Lord's Mirades and 
Parables. Two Vols. Cheap Edition. Clothe 3s. M. eaeh. 

HAMMERSMITH PROTESTANT DISCUSSION, between 
tiM Bev. JoHH Cimiano. D.D., and Dahtbi. FatvoH, Ecq., Bcrrlster-at- 
Law. Cheap Edition. Tenth Thousand. Post 8ro. doth, 68. 
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BY THE BEV. J. CUMMING, D.D., F.B.8.E. — Continued. 

INFANT SALVATION. Fifth Edition. Fcap. Is.; gilt 

edges, 2s. 
IS CHRISTIANITY FROM GOD ? Fcap. cloth, 3s. 
JOSEPH THE LAST OF THE PATRIARCHS. Fcap. 

8v o. clo th, Ss. 
LECTURES AT EXETER HALL; or, a Challenge to 

Cardinal Wiseman. Fcap. cloth, 2s. 6d. 
LECTURES ON THE SEVEN CHURCHES. Fcap. 

cloth, 3s. 6d. 
LECTURES FOR THE TIMES. Fcap. cloth, 28. 6d. 
LECTURES TO YOUNG MEN. Crown 8vo. cloth, 6s. 
A MESSAGE FROM GOD. Fcap. Is. ; gilt edges, 2s. 
OUR FATHER. Fcap. cloth, gilt edges, 3s. 
OCCASIONAL DISCOURSES. New Edition. Two Vols. 

in one, fcap. cloth, 6s. 
PROPHETIC STUDIES. Cheap Edition. Fcap. cloth. Ss. 6d. 
PSALTER OF THE BLESSED VIRGIN. Written by 

St. Bohatertubb. 12mo. cinth, 28. 
RUTH; A CHAPTER IN PROVIDENCE, Fcap. 

cloth, 3s. 6d. 
SABBATH EVENING READINGS ON THE NEW 
TESTAMENT. 

The ieparaU Voktma irn^— 
MATTHEW. 5s. CORINTHIANS. 6s. 

MARK. 3s. OALATIANS, Ac. 68. 

LUKE. 6s. ' C0L088IANS, Ac. 4s. 6d. 

JOHN. 68. TIMOTHY, Ac. 4s. 

ACTS. 7s. HEBREWS. Ss. 

ROMANS. 48. 6d. JAMES, Ac. tt. 

REVELATIONS. Second Editioii. Fcap. cloth, 7s. 6d. 

SCRIPTURE READINGS ON THE OLD TESTAMENT. 

SAMUEL. Fcap. cloth. 68. PANIEL. Fcap. doth, 3s. 

SALVATION. Sewed, 6d. 
SIGNS OF THE TIMES. Fcap. cloth, 3s. 6d. 
TENT AND THE ALTAR. Cheap Edition. Fcap. cloth, 3s. 6d. 
THY WORD IS TRUTH. Fcap. cloth, 5s. 
WELLINGTON. Fcap. cloth, Is. 6d. 

DARTON (Mar&abet E.),— THE EARTH AND ITS INHABI- 
TANTS. With Frontispiece. Second Edition, crown 8vo. cloth, 68. 

DECOY (The) ; or, An Agreeable Method of Teaching Children 
the Elementary Parts of English Grammar. Sewed, 6d. 

DESLYON'S FRENCH DIALOGUES, Practical and Familiar, 
oonstrocted so as to enable all Persons at once to practise Conversing in the 
French Language ; with Famiuab Lirms in f^BMOH and English, adapted 
to the capacities of Youth. New Edition, 12mo. cloth, 28. 6d. 

TUTOR; or. Practical Exposition of 

the best French Grammarians, with famUiar Exercises and Questions on 
every Bale, to senre for Examination and Repetiiion. Third Edition, 
12nio. cloth, 4s. 

DOCTOR'S LITTLE DAUGHTER (The). The Story of a 
Child's Life amidst the Woods and Hills. By Eliza Mbtetabd. With 
nnmerooB Illustrations by Harvrt. Fcap. cloth, gilt edges, 7s. 6d. 

DYING COMMAND OF CHRIST (The) ; or, the Duty of 
Believers to Celebrate Weekly the Sacrament of the Lord's Supper. By 
the Author of " God is Love,*' •* Our Heavenly Home,** &c. In One Vol., 
12mo. doth, 28. 6d. 

EDDY'S (Damibl C.) HEROINES OF THE MISSIONARY 
ENTERPRISE { or. Sketches of Prominent Female Missionaries. With 
Prehee by the Rev. Jobh Comfiiro, P.D. Third Edition. Fcap. cloth, 
•- "\\ gUt" - * 



Is. 6d.;glltedge8,as.6d. 



PUBLISHED BT YIETXTE BBOTHEES AND CO. 



EVENINGS IN MY TENT ; or, Wanderings in tho African 
Sahara. By Bwr. N. Davis, F.R.8., S.A. With lUatttrations. Two VoU., 
post 8vo. oloth. Sis. 

FALSE APPEARANCES. By Mrs. Mackat, Author of the 
** Family at Heathenlale.** ISmo. cloth, 3s. 

FARRIERY (The Manual of Modebn). Embracing the Cva% 
of Diseases Incidental to Hones, Cattle, Sheep, Swine, and Dogs. With 
Instructions in Racing, Hunting, Shootinir, and Field Sports generally; 
together with a general summary of the Game Laws. By Thouas BitowH, 
M.P.S. Illustrated by 20 Engravings. In One Vol., cloth, £1. 

FELTON'S (J.) IMPROVED METHOD OF PERFORMING 
COMMERCIAL CALCULATIONS ; representing the Science of Arith. 
metio in a New Light. A book of General Utility. Containing, among 
other matter, a full Illustration of the Theory of Proportion and the Germau 
Chain Rule. 12mo. cloth, 2s. 

TEACHER'S MANUAL OF MENTAL 

ARITHMETIC; displaying a Simple Method of sncoessfully Communicau 
ing Instruction in that most useful Science. Together with a KEY TO 
THE CALCULATIONS. 12mo. oloth. 28. 

FIELDING (Hbnbt), THE LIFE OF. By F. Lawrence. 
Post 8V0. cloth, 7s. 6d. 

FLEETWOOD'S (Rev. J., d.d.) LIFE OF CHRIST. With an 
Introductory Essay by the Rev. Hsvar SriBBrao, D.D. To which are 
added the Lives of the Apostles and Evangelists ; also Jkrbjct Tatlor*s 
** Golden Grove,** ** Worthy Communicant,^ Ae, Printed in a bold type, 
and embellished by 58 Steel Engravings. 4to., cloth, £1 98. 

FLETCHER (Rev. Alexander, d.d.>-ASSEMBLY'S GATE- 
CHISM. Divided into 62 Lessons. Sewed. Sd. 

CLOSET DEVOTIONAL 

EXERCISES FOR THE YOUNG, from Ten Years Old and npwaids. 
Post 8vo. cloth, 6s. 

GUIDE TO FAMILY 



DEVOTION. Portrait, and 24 Engravings. 4to., oloth, gilt edges, £1 6s. 

NEW EDITION, with Portniit 



and 25 Plates. Royal 4to., cloth, gilt edges, £1 8s. 

SCRIPTURE HISTORY. 



For the Improvement of Youth. Embellished with 241 Engravings on Steel. 

Two Vols. 16mo., cloth gilt, 18s. 
FOSTER BROTHERS (The) ; a Tale of the School and CoUege 

Life of Two Young Men. In post 8vo. cloth gilt, 10s. 
FRANK FAIRLEGH ; or, Scenes from the life of a Private PupU. 

By F. E. Smbdlit, Esq. Cheap Edition, boards, 2s. 6d. ; oloth, 3s. 6d., or 

with 30 Illustrations by Okorgb Cbuixshamil. 8vo. cloth, 16s. 
GIBBON'S OEdwabd) DECLINE AND FALL OF THE ROMAN 

EB£PIEE. With a Memoir of the Author, and Additional Notes, Arom the 

French of M. Guizot. With numerous Engravings and Maps. Two Vols. 

super-royal 8vo., £1 16s. 

GILES'S (James) ENGLISH PARSING ; comprising the Rules 
of Syntax, exemplified by appropriate Lessons under each Rule. Improved 
Edition. 12mo. doUi, 2s. 

GILFILLAN'S ALPHA AND OMEGA: a Series of Scripture 
Studies. Two Vols. fcap. cloth, 10s. 6d. 

THE HISTORY OF A MAN. Edited by the 

Rev. G. GiLTiULAR. Post 8vo. cloth, 7s. 6d. 

THE MARTYRS, HEROES, AND BARDS 



OF THE SCOTTISH COVENANT. Fcap. oloth, 2s. 6d. 
HACK'S (Maria) HARRY BEAUFOY ; or, the Pupil of Nature. 

New Edition, with Cuts by LAnneKKm. 18mo. Is. ; cloth, gilt edges, 28. 
STORIES OF ANIMALS. Adapted for Children 

from Three to Ten Years of Age. In 1 vol., cloth, Is. 6d. 

WINTER EVENINGS ; or. Tales of Travellers. New 



Edition. Illustrations by Gilbbbt. Fcap. cloth, 3s. 6d. 



6 CAXALOGITE OP WOS£S 

HALL'S (Mk. and Mbs. S. C), THE BOOK OF SOUTH 

WALES i THE WYE, AND THE COAST. Dliutnited with nuineroas 

Engravings. Fcap. 4to., price ISs., superbly gilt. 
BOOK OF THB THAMES, 

FROM ITS RISE TO ITS FALL. With numerous Engravings. Small 

4to. cloth, 148. ; superbly gilt, iSs. 
HAKDBOOK TO THE COTTON CITLTIVATION IN THE 

MADRAS PRESIDENCY. By G. Tjllbots Whsxlkb. Post 8vo. cloth, 

price 7s. 6d. 
HAPPY TRANSFORMATION ; or, the History of a London 

Apprentice. With Preface by Rev. J. A. Jambs. 18mo. cloth, 6d. 
HARRY COVERDALE'S COURTSHIP, AND WHAT CAME 

OF IT. By Fbahk E. Shkolbt (Frank Faiblbqh). Post 8vo., 2s. 6d. 

boards; 38. 6(L doth; or, with Illnstrations by Hablot K. BKOwra, 8vo. 

cloth. 16s. 

HENDRY'S HISTORY OF GREECE. In Easy Lessons. 

Adapted for Children of fh)m Six to Ten Yean of Age. With niastrations. 

ISmo. cloth, 2s. 
HISTORY OF ROME. In Easy Lessons. Adapted 

for Children of from Six to Ten Years of Age. With lUastrattoni. Ismo. 

cloth, 2s. 
HENRY'S (Matthew) COMMENTARY ON THB HOLY 

BIBLE. Edited and abridged by the Rev. E.BL01IFIBU). Printed in a bold 

type, and illustrated with upwards of 50 Steel Engrayings, £i ISs. 

HISTORY OF ENGLAND DURING THE REIGN OF 
GEORGE UL By John Gsobgx Pulluaobb, Q.C. YoL I. Demy ero. 
cloth, 188. 

HOPKINS' ORTHOGRAPHICAL EXERCISES. New Editio . 

18mo. cloth, Is. 6d. 
HOW TO WIN LOVE ; or, Rhoda'a Lesson. A Story Book for 

the Young. By the Author of •* Michael the Miner,** ** Cola Monti,** Ac. 

With Illustrations on Steel. New Edition, 16mo. cloth, gUt edges* 2s. 6d. 

HUME AND SMOLLETTS HISTORY OF ENGLAND. 

Embellished with 108 Plates and Maps, including Portraits of the Kings, 
and Scenes of the Principal Events in English History, engraved on Steel. 
With a Continuation to the Year I860,' by Dr. E. H. Nolan, Author of 
** The History of the War against Russia.** Three Vols, imperial 8vo., 
doth gilt, £3 3b. 

HYMNES en PROSK 18m6. doth, Is. 

ILLUSTRATED CATALOGUE OF THE GREAT INDUS- 
TRIAL EXHIBITION OF 1861, published in connection with the Art- 
Journal, containing upwards of 1,400 Engravings on Wood, and a Frontis- 
piece on Steel. 4to. cloth, gilt edges, £l Is. 

INDIA AND THE EAST (A Histort of the British Empire 
IN). By B. H. Nolan, Ph. D., LL.D., Author of" The War against Russia.*' 
niustrated with Steel Engravings and Maps. In Two Vols., cloth gilt, £2 6s. 

JOSEPHUS (The Wobxs of). With an Introductory Essay by 
the Rev. Hknrt Stbbbino, D.D. Illustrated by upwards of 80 Woodcuts, 
and 46 Engravings on Steel. In One Vol., super-royal 8vo., doth gilt, £L Sa. 

LADY MARY AND HER NURSE; or, a Peep into the 
Canadian Forest. By Mrs. Tbaill, Authoress of ** The Canadian Crusoes.** 
With IllQStrations by Habvkt. Foap. cloth, 2s. 6d. ; gilt edges, 3s. 6d. 

LAURIE (James),— TABLES OF SIMPLE INTEREST FOR 

EVERY DAY IN THE YEAR, at 6, 4^, 4, 3^, 3, and 2i per cent per 
annum, from £1 to £100, &c Nineteenth Edition, 800 pp. 8vo. cloth, 
strongly bound, £1 is. ; or in calf, £1 8s. 

*< In the great requintes of simplicity of arrangement and compre- 
hensiveness, we have seen none better adapted fbr general use.** — 
MeOuUoefCs Commerdal Dictionary. 
** Mr. Laurie was well known as one of the most correct and industrious 
. aathoritfes on commercial calculations, and the practical value of hi 
various tablet haa long been recognised.**— 7/te Tiaut, 



PUBLISHED BY VIETTJE BUOTHEKS AND CO. 



LAURIE'S TABLES OF SIMPLE INTEREST, at 5, 6, 7,8,9, 
and 9| per cent, per annum, from 1 day to 100 days. Fourth Edition, 8yo. 
cloth, 78. 

UNIVERSAL EXCHANGB TABLES, showing 

the value of the coins of every country interchanj^ed with each other, ac 
all rates of exchange, from One Coin to One Million Coins. Demy 8vo. 
hound in calf, £1. 

TABLES OF EXCHANGE between Paris, Bordeaux, 

Marseilles, Havre, Lyons, Brussels, Qhent, Bruges, Antwerp, Genoa, and 
London. Demy 8vo., half-bonnd eatf, £1. 

MADEIRA EXCHANGE TABLES. Being Portu- 
guese and British Money reduced into each other. Demy 8vo. cloth, 6s. 

MANUAL OF FOREIGN EXCHANGES. Being 

British Coins reduced into Twenty-eight of the Principal Countries of the 
World, &c. ; also from One to One Million Coins of these countries in 
decimals of the £, with f^nch and Turkish exchanges. In 32mo. royal, 
4th Edition. 9d. 

EXPOSITOR OF FOREIGN EXCHANGES. Being 

British Coins reduced into Twenty-four of the Principal Countries of the 
World ; in parallel columns, Ao. &c. On a sheet royal, folded in a book, 3s. 

FOREIGN AND BRITISH SHARE TABLES, from 

Is. 3d. to £100 per share, in British and Decimal Moneys, Ac. In One Vol. 
12mo. cloth, 12s. 

GOLDEN READY RECKONER, calculated' in British 

Money and Dollars, showing the value from One Ounce to One Hundred 
Thousand Ounces Gold, Platlna, Silver, Goods and Merchandise of every 
description. Shares in Public Companies, &c. Sui, In One Vol., 12mo. 
cloth, 12s. 

DECIMAL COINAGE. A Practical Analysis of the 



Comparative Merits of £1 and lOd. as the Ruling Inte^^er of a Decimal 
Currency for the ITnited Kingdom. Demy 8vo. sewed, price 2s. 6d. 

LECONS POUR DES ENFANS depuis r&ge de Deux Ans 
jus(]iu'2i Cinq. Avec une laterpr^tation Anela|89« By Mre, 3ab9AVLP. 
Hew Edition, ISsio. dOth, 2s. 

US PAGE'S ESENCS COVB.SE. 

** The sale of many thousands, and the almost universal adoption of these clever 
little books by M.LB Paok, sufficiently prove the public ai^rebation of Ills plan of 
teaching French, which is in accordance with the natural operation of a child 
learning its native language." 

PETIT LECTEUR DES COLLEGES; or, the French 
Beader for Beginners and Elder Classes. A Sequel to ** L*Echo de Paris.'* 
donsisting of ^ort Selections of various kinds. With the Pronunciation, 
the Meaning of the Words and Idioms which may not be yet familiar 
to a young reader, and occasional Questions adapted for Practice in 
French Conversation. In One Vol., l2mo. Price 3s. 6d. cloth. 

FRENCH SCHOOL. PartL L'ECHO DE PARIS. Being 
a Selection of Familiar Phrases which a person would hear dally if living 
in fVanoe. Price 38. 6d. eloth. 

Part n. THE GIFT OF FLUENCY 

IN FRENCH CONVERSATION. With Notes. Price 28. 6d. cloth. 
Part in. THE LAST STEP TO 



FRENCH. With the Versification. Price 28. 6d. cloth. 

FRENCH MASTER FOR BEGINNERS; or. Easy Lessons 

in French. Price 2s. 6d. cloth, 
PETIT CAUSEUR ; or. First Chatterings in French. Being 

a Key to the Gift of French Conversation. Price Is. 6d. 
NICETIES OF PARISIAN PRONUNCIATION. Price 6d. 

JUYENILE TREASURY OF FRENCH CONVERSATION. 

With the English before the French. Price 39. cloth. 
KEY TO L'ECHO DE PARIS. Price Is. 
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LE page's FRENCH couBSE,— continued. 

FRENCH PROMPTER. A Handbook for Travellers on 

the Continent and Students tA Home. Frloe 4s. doth. 

READY GUIDE TO FRENCH COMPOSITION. French 
Grammar by Examples, giving Models as Leading-strings throaghoat 

Aooidenee and Syntax* Price 3s. 6d. oloth. 

LEWIS ARUNDEL ; or, the RaHroad of Life. By F. E. Smedi.ey, 
Esq., Author of •* Frank Fairlegh.** Cheap Edition, 3s. boards; 4i. oloth; 
or. with Illustrations by H. K. Browne (Phiz), 8vo. oloth, 22s. 
LIMED TWIGS TO CATCH YOUNG BIRDS. By the Anthers 

of " OriirinAl Poems.** 1 6mo. cloth, 28. 

LITTLE BOOK of OBJECTS. With Cuts. 16mo.cl., gilt edges, 2s. 
LITTLE BOOK OF KNOWLEDGE. Containing Ueefal Infor- 
mation on Common ThingSyfor Young Children. By Eluubrh G. Noysbrb. 
With 8 Illustrations. 16mo. cloth, gilt edges, 2s. 6d. 
LOTTIE LONSDALE. A Tale. By Miss E. J. Wokboise. 
12mo. cloth, price 5s. 

By the Author of "MABY POWELL." 

CALIPH HAROUN ALRASCHID (The). Post 8vo. cloth, 

pric e 2s. 6d. 
THE OLD CHELSEA BUN-HOUSE. Cheap Edition, 

fcap. cloth, 2s. 6d. 
MAIDEN AND MARRIED LIFE OF MARY POWELL, 

afterwards Mistress MUton. Third Edition, with Portimit. Pott 8ro. 

cloth, red edges, 7s. 6d. 
** This is a charming little book, and whether we regard its tabjaet, 

cleverness, or delicacy of sentiment or expression— to say nothing of 

ita type and orthography— it is likely to be a most acceptable present 

to young or old, be their peculiar taste for religion, morali, poetry, 

hist ory, or romance.**—- CTkrw^n OUerver, 
' CHERRY AND VIOLET. Post 8vo. doth antique, 5s. 
CHRONICLES OF MERRY ENGLAND. Fcap. 8vo., 

as.6d. 

CLAUDE THE COLPORTEUR. Post Svo. doth, 5s. 
COTTAGE HISTORY OF ENGLAND. 12mo. doth, 2s. 6d. 
DAY OF SMALL THINGS (The). Post Svo. doth, 7s. 6d. 
DEBORAH'S DIARY. Cheap Edition, fcap. doth, 2s. 
EDWARD OSBORNE. Cheap Edition, fcap. doth, 2s. 6d. 
ETHELFLED. Post Svo. doth antique, 6s. 
FAMILY PICTURES. Post Svo. cloth, 7s. 6d. 
, GOOD OLD TIMES (The). Post Svo. doth, 7s. 6d. 
HEL EN AND OLGA. Post Svo., 3s. 6d. 
THE HILL SIDE. Fcap. cloth. Is. 6d. 
JACK AND THE TANNER. Post Svo., 9d. 
MORE'S HOUSEHOLD. Cheap Edition, 28. 6d. 
POPLAR HOUSE ACADEMY. Post Svo. doth, 7s. 6d. 
PROVOCATIONS OF MADAME PALISSY. Post Svo. 

cloth, ffs. 

QUEENE PHILIPPA'S GOLDEN BOOKE. Post Svo. 

2s. 6d. 

, NOBLE PURPOSE NOBLY WON. Post Svo. doth, 7s. 6d. 
SABBATH AT HOME. Post Svo. cloth, 38. 6d. 
SOME ACCOUNT OF MRS. CLARINDA SINGLEHART. 

Post Svo. cloth, 7s. 6d. 
TASSO AND LEONORA. Post Svo. doth, 3s. 6d. 
THE YEAR NINE. Post Svo. cloth, 78. 6d. 
MANKIND IN MANY AGES. An Outline of Universal His- 
tory. By Mr. T. L. Von 0iJ)KK0P. Crown Svo. cloth, 78. 6d. 
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jyiANUAIi OF HERALDEY, being a concise Description of the 
several Terms used, and containing a Dictionary of every Designation in 
the Science. Dlostarated by 400 Engravings on Wood. New Edition, fbap. 
oloth, 3s. 

MANUAL OF PERSPECTIVE. Blustrated by numerous En- 
gravings. By N. "Whittgoic Fcap. cloth, Is. 6d. 

MEMORABLE EVENTS IN THE LIFE OF A LONDON 
PHYSICIAN. Demy 8vo. cloth. 7s. 6d. 

MERRIFIELD (Mbs.),--DRESS AS A FINE ART. With 
IllqatratLons. Post 8vo. Is. sewed; is. Od. dLotJtu 

M'HEinLTS SPANISH GOUESE. 

A NEW AND IMPROVED GRAMMAR, designed for every 
class of Learners, and especially for Self-instruction. Containing the 
Elements of the Language and the Rules of Etymology and Syntax 
Exemplified ; with Notbs and Afpbndix, consisting of Dialogues, Select 
Poetry, Gommerolal Correspondence, &o» New Bdition, revised. l2mo. 
bound, 6s. 

EXERCISES ON THE ETYMOLOGY, SYNTAX, IDIOMS, 

&c., of the SPANISH LANGUAGE. Fifth Edition, I2mo. bound, 3s. 

KEY TO THE EXERCISES. 12mo. bound, 4s. 

SYNONYMES OF THE SPANISH LANGUAGE EX- 
PLAINED. 12mo. 4s. ; and Svo. 6s. 
MIALL (Edwabi)),— BASES OF BELIEF; an Examination 
of Christianity as a Divine Revelation by the light of recognised Facts 
and Principles. In Four Farts. Cheap Edition, crown 8vo. cloth, 3<s. 6d. 

MONOD (A.),— WOMAN : HER MISSION AND HER LIFE. 
Translated from the French by Bev. W. G. Bar&ett. Third Edition ISmo. 
cloth, is. 6d. 

SAINT PAUL. Five Discourses. Translated from 

the French by Rev.W. G. Barrett. 18mo. cloth, is. 6d. 

MOUBRAY'S TREATISE ON DOMESTIC AND ORNA- 
MENTAL POULTRY. New Edition, revised and greatly enlarged by 
L. A. Mball, with the Diseases of Poultry, by Dr. HoBifSB. With 
Coloured Illustrations. Fcap. cloth, 3s. 6d. 

MY BOY'S FIRST BOOK. By Miss M. Fbazeb TyrLBR. 

With Cuts. 16mo. cloth, 28. 6d. 
MY OLD PUPILS. By the Author of " My Schoolboy Days." 

With Four Illustrations on Wood. 16mo. cloth, gilt edges, 28. 6d. 
NAOMI ; or, the Last Days of Jerusalem. By Mrs. J. B. Webb. 

With Illustrations by Gilbbrt, Ao. New Edition, revised and corrected 

by the Author. Fcap. cloth, 7s. 6d. 

NICHOLSON'S CARPENTER'S GUIDE; being a Complete 
Book of LinM for Carpenters, Joiners, Cabinet^Makers, and Workmen in 
general, on methods entirely new, founded on Geometrical Principles, and 
explained in practice by Engravings, wherein the utility of every line is 
fhlly exemplified. A New and Improved Edition. Edited by John Hat, 
Esq., Architect. £1 lis. 6d. 

NI NA; a Tale. By S. M. Fcap. boaxds, Is. 6d.; cloth, 2s. 6d. 

NINEVEH AND PERSEPOL&; an Historical Sketch of Ancient 
Assyria and Persia, with an Account of the recent Researches in those 
Countries. By W. S. W. Vacx, M.A., of the British Museum. With 
numerous Dlnstrations. Fourth Edition, post 8vo. cloth, 3s. .6d. ; or gilt, fis. 

OLD FOREST RANGER (Thb) ; or. Wild Sports of India on 
the NeUgherry Hills, the Jungles, and the Plains. By Major Waltw 
Campbbu., of SkipneM. New Edition, with Illnstrations on Bteel. Post Svo. 
cloth, 88: 

OLD OAK CHEST; or, A Book a Great Treasure. By the 
Author of** Chariie'sDisooveries,*'<frc. With Cuts. l6mo.o).irtitedges,3!>.6d. 

OLDEKOP (T. L. VON) MANKIND IN MANY AGES. 
An Outline of Universal History. Crown. Svo. olotb, Is, 6d. 
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OPEN AND SEE ; or, First Reading Lessons. By tJxe Author o£ 
" Aids to Development," &o. With 24 Engntrlngs on Wood. 16mo. cl. 2». 

ORACLES FROM THE BRITISH POETS ; a Drawing- 
room Table Book, and Pleasant Companion for a Roond Party. By Jaxss 
Smith. Thlid Edition, in One Vol., 12mo. cloth, gilt edges, price 2s. ed. 

ORIGINAL POEMS FOR INFANT MINDS. A New and 
Bevised Edition. Two Vols., 1 8mo. cloth, is. 6d. each. 

By the Author of "OTTE HEAVENLY HOME." 

COMFORTER (The) ; or, the Holy Spirit in His Glorious 
Person and Oraoions Work. 12mo. cloth, 5s.; gilt edges, 5s. 6d. 

DYING COMMAND OF CHRIST; or, the Duty of BeUevesrs 
to Celebrate Weekly the Sacrament of the Lord's Supper. 12mo. oloth, 
28. 6d. 

GRACE AND GLORY; or, the BeUever's Bliss in Both 

Worlds. 12mo. cloth, 6s., gilt edges, 68. 6d. 
GOD IS LOVE ; or, Glimpses of the Father's Infinite Affec- 
tion for His People. 12mo. cloth, 6s. ; gilt edges, 6s. 6d. 
GODS UNSPEAKABLE GIFT; or, Views of the Person 

and Work of Jesus Christ. l2mo. cloth, 68. ; gilt edges, 6s. 6d. 
GLEAMS OF GLORY FROM THE CELESTIAL WORLD. 

32mo. cloth. Is. 
OUR HEAVENLY HOME ; or, GUmpses of the Glory 

and Bliss of the Better World. 12mo. cloth, 6s. gilt edges, 5s. 6d. 
SOURCES OF JOY IN SEASONS OF SORROW. 

32mo. cloth. Is. 
THE GLORIOUS GOSPEL OF CHRIST; considered in its 

Relations to the Present Life. 12mo. cloth, 5s. 
THE FOES OF OUR FAITH, AND HOW TO DEFEAT 

THEM. 12mo. cloth, 58. 
TRUTHS FOR THE DAY OF LIFE AND THE HOUR 
OF DEATH. 12mo. oloth, 6s. 
PATTIE DURANT ; a Tale of 1662. By Cycla, Author of 
•♦ Aunt Dorothy's Will," «* Passing Clouds,** Ac. In One Vol., HDap. 8to. 
antique, 3s. 6d. 
PAUL PERCIVAL; or, the Young Adventurer. 16mo. doth,, 

gilt edges, 2s. 6d. 
PAYNE'S (Joseph) SELECT POETRY FOR CHILDREN? 
with brief Explanatory Notes, arranged for the use of Schools and Families. 
Fourteenth Edition, corrected and enlarged. 18mo. doth, 2s. 6d« ; with 
gilt edges, 3s. 

STUDIES IN ENGLISH POETRY; with short 

Biographical Sketches, and Notes Explanatory and Crltlcxd, intended as a. 
Text-Book for the higher Classes in Schools, and as m Introduction to tlic 
Study of English Literature. Fifth Edition, enlarged. Crown 8to. oloth, 
red edges, 6s. 
PHTTJJMORE (John Gborgb),— HISTORY OF ENGLAND 

DURING THE REIGN OF GEORGE THE THIRD. Vol. I. 

Demy 8vo. cloth, l8s. 
PICTORIAL SPELLING-BOOK; or, Lessons on Facts and 

Objects. With 130 Illnstratlons. New Edition. 12mo. cloth, Is. 6d. 
PIPPIE'S WAEINING; or, the Adventures of a Dancing 

Dog. By Cathkbotb Cbowb, Author of ** Susan Hopley,** Ae. With Cuts. 

16mo. cloth, gilt edges, 2s. 6d. 
PLEASANT PASTIME ; or, Drawing-room Dramas for Private 

Representation by the Young. With Cuts. 16mo. cloth, gilt edges, 2s. 6d. 
POOLE'S (Matthew) DIALOGUES BETWEEN A POPISH 

PRIEST AND AN ENGLISH PROTESTANT. By Rev. Jobs Comaira,. 

D.D. 18mo. cloth. Is. 6d. 
PORTER'S (Miss Jane) SCOTTISH CHIEFS.' With 31 En- 

gratings. In Two Vols. 8vo. cloth, 16s. 
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PRINCE OF THE HOUSE OF DAVID ; or, Three Tears in 

the Holy City. With lUoatrations. Fcap. cloth, 3s. 6d. , 
RECOLLECTIONS of MRS. ANDERSON'S SCHOOL. A Book 

for Girls. By Jakb Whuiard Hoopxb. Dlastrated by Fribkun. Foap. 

cloih, 3s. 6d. 
REMINISCENCES OF A SCOTTISH GENTLEMAN. By 

Philosootus. P ost 8 vo. oloth, 7s. 
RHYMES FOR THE NURSERY. By the Authors of " Original 

Poems." 18mo. cloth, is. 6cU 
— Illustrated Edition, in largo 

t3rpe. With 16 Desifrns by OiLBRRT. 1 6mo. cloth, 2s. 6d. 

RIPPON'S (Dr.) selection OF HYMNS FROM THE 
BEST AUTHOBS, inoludlDg a great number of Originals, intended as an 
Appendix to Dr. Watts's Psalms and Hymns. New Editions. 



Nonpar^ 32mo. 

Roan ... 1 6 

, gilt edges 2 

Morocco ... 6 



Long Primer 24tmo, 

Roan .... 2 6 

, gilt edges 3 

Morocco. . .60 



JLarge 2\/pe. 

Sheep ... 6 
Roan, gilt edges 6 
Morocco ..90 



ROAD TO LEARNING; or, Original Lessons in Words of 
One and Two Syllables. With Illustrations. Square, gilt edges. Is. 6d. 

ROBINSON CRUSOE. With Hlustrations. 18mo. cloth, 2s. 

RODWELL'S (Ann) FIRST STEP TO ENGLISH HISTORY. 
With many Cuts. New Edition, revised, by Julia Cornxb. l6mo. cloth, 
2s. 6d. 

ROMAINE'S UFE, WALK, AND TRIUMPH OF FAITH. 
18mo. cloth, 3s. 

ROWBOTHAM'S (J., p.b.s.a.) DERIVATIVE SPELLING- 
BOOK, in which the Origin of each Word is given from the Greek, 
Latin, Saxon, German, Teutonic, Dutch, French, Spanish, and other Lan- 
guages; with the Parts of Speech, and Pronunciation accented. 12mo. 
doti^ Is. 6d. 

GUIDE TO THE FRENCH 

LANGUAGE AND CONVERSATION; consisting of Modem French 
Dialogues, with the Pronunciation of the most di£9cnlt Words ; for the use 
of Schools, Travellers, and Private Students. A New Edition, by De La 
YoTB. 18mo. bound, 2s. 6d. 

RURAL SCENES; or, a Peep into the Country. A New and 
Revised Edition, with 88 Guts. l8mo. cloth, 2s. 

RUSSIA, NOLAN'S HISTORY OF THE WAR AGAINST. 
Illustrated by 74 Engravings and 7 Maps. The Illustrations are engraved 
on Steel, and executed by skilftil ArUsts, from Original Drawings. 
They embrace three classes :— 1. Portraits of the Principal Commanders. 
2. Events of the War. 3. Maps, Plans, Battle-fields, Ac. In Two Vols., 
price £2 5s., cloth gilt. 

SANDFORD AND MERTON. With Cuts. 18mo. cloth, 2s. 

SANDERSON'S (A. B.) THOUGHTS AND REFLECTIONS 

ON SICKNESS AND AFFLICTION. Foap. cloth, Ss. 

SCENES FROM THE DRAMA OF EUROPEAN HISTORY. 
By W. H. Davxbport Adams. Post 8vo. cloth. lln preparation. 

SCOTLAND (The Pictorial Histoey op). Edited by the Rev. 
J. Tatlob, D.D., Glasgow, assisted by several eminent Professors in the 
Scotch Universities. Illustrated by 79 Engravings on Steel, from Drawings 
by W. H. Bartlbtt, and other Artists. In Two Vols., price £2 6s., cloth gilt. 

SCOTT (Rbv. T.),— holy BIBLE, with Readings, an Abridged 
Commentary, and 28 Engravings. 16mo. roan, embossed, 68. 6d.; 
morocco, 78.; elegant, 78. 6d. 

SHAKESPERE'S home at NEW PLACE, STRATFORD- 
UPON-AVON. A History of New Place, Arom its original Erection by Sir 
Hugh Clopton, 1490, to its Destruction in 1769, together with an account 
of the ** Great Garden,*' accompanied with Illustrations* Copies of Fines, 
Indentnres, Ac., Pedigrees of the Shakespere and Clopton Families, a Ground 
Plan of the Estates at New Place, and Plan of Excavations lately made. 
By tbe Rev. J. C. M. Billbw. In One Vol. post 8vo. cloth,gllt top, 12s. 
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SHELMERDINE'S SELECTION OP THE PSALMS and oiiier 

Portions of Soriptore, arnnired and marked for Cbantintr. Foap. oloth. Is. 

ONE HUNDEED AND FIFTY CHANTS, 

Selected from the most fkmous oomposen. Grown 8to., 2s. 6d. 

By 7. £. SMEDLET^ Esq. 

FRANK FAIELEGH. Post 8vo. boards, 2s. Bd. ; cloth, 
3s. 6d. ; or with 30 Illastratlons by Okokgb GRUiKiSHANK, 8vo. clotb, 1(>8. 

HARRY COVEBDALE'S COURTSHIP. Post 8vo. boards, 

2s. 6d. ; cl., 3s. 6d. ; or, with Illustrations by H. K.Baowns^ 8vo. ol., 16s. 
LEWIS ARUNDEL. Post 8yo. 3s. boards ; clotii, 4s. ; or 

with Illostrations by H. K. Browhb (Phiz), Svo. cloth>.22s. 
SEVEN TALES BY SEVEN AUTHORS. Edited by the 

Author of ** Frank I^irlegh.** Gheap Edition. 2s. boards ; 2s. ed. cloth. 
THE COLVILLE FAMILY. Cats by Phiz. Fcap. boards, 

is. 6d. ; cloth, 28. 6d. 

SMITH (C. M.),— THE LITTLE WORLD OF LONDON. 

Post Svo. doth, 3m, 6d. 

SPURGEONCRbv.C.H.),— THE SAINT AND HIS SAVIOUR; 
or, The Progress of the Soul in the Knowledge of Jesos. ^ith Portrait. 
Fcap. cloth fcilt, 6s. 

STEELL'S PICTORIAL SPELLING-BOOK; or, Lesaoais on 
Facts ai.d Objects. With 130 Illustrations. Fifth EdiUon, 12mo. cloth. Is. 6d. 

STORY OF A FAMILY. ByS. M. One Vol. fcap. doth, 2s. 6d. 

SWAIN (Chables, Author of "The Mind," "English Melo- 
dies,** Ac), ABT A3SJ} FASHION ; with other Sicetches, Songs, and 
Poems. Vln prqMnttion. 

TABLES OF SIMPLE INTEREST FOR EVERY DAY IN 
THE TEAR, at 6, 4^, 4, 3^, 3, and 2^ per cent, per annum, firom £1 to 
£100, &c. By Jambs Ladkie. Nineteenth Edition, 800 pp. 8vo. cloth. 
Strongly bound, £1 Is. ; or in calf, £1 Os. 

** In the great requisites of simplicity of arrangement and oomprehen- 
■iveness we have none better adapted for general nse.**~-iA0H0N**s Ctoi- 
merdal Dietionanf. 

'* Mr. Laurie was well known as one of the most correct and Industrious 
authorities on commercial calculations, and the practioal value of his varlona 
tables have long been recognised.**— 2RAe Timu, 

AT 5, 6, 7, 8, 9, and 9J 

per cent, per annum, from 1 day to 100 days. By James T.^nw!^ Third 
Edition, 8yo. cloth, Ts. 

TATE'S ELEMENTS OF COMMERCIAL ARITHMETIC; 
containing a Minute Investigation of the Principles of the Science, and 
their general application to Commercial Galculations, in accordance with 
the present Monetary System of the World. By Willum Tats, Principal 
of the Gity of London Establishment for finishing Young Men for Mer- 
cantile and Banking Pursuits. Fifth Edition, improved and ooneoted, in 
One Vol. 12mo., nea tly b ound, price 2s. 6d. 

KEY TO THE ABOVE, 12nio. bound, Ss. 6d. 

TAYLORS (Emily) BOY AND THE BIRDS. With 16 fine 

Woodcuts, from Landsbeb's Designs. 16mo. cloth, 2s. 6d« 
TIGER PRINCE (The). By William Daltok. Post 8to. 

cloth, with Illustrations. [^In preparation. 

TOMLINSON'S (Chas.) EXPERIMENTAL ESSAYS. 1. On 

the Motions of Camphor on the Surface of Water. 2. On the Motion of 

Gamphor towards the Light. 3. History of the Modern Theory of Dew. 

In One Vol* i2mo. limp cloth, with Illustrations, is. 

CYCLOP-^TDIA OF USEFUL ARTS, 

Mechanical and Chemical, Manufactures, Mining, and E&gineering. Stan- 
daid Edition. Illustrated by upwards of 2,500 Engravings on Steel and 

TREASURE-SEEKER'S DAUGHTER. 12mo. bda., Is, 
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TEEDGOLD ON THE STEAM ENGINE: Its Princflples^ 
Practice, and ConstroicUon, with its Progressive and Present State of Im- 
provement. In Two Sections : 1. Marinb Ekgises. 2. Locomotivx and 
Stationabt Engirks. Tlie Worlc forms Three handsome Volumes, and 
comprises about 1000 pages of Text, and upwards of 220 Engravings— many 
of them of very large size. Also 160 Woodcats and Diagrams. Cloth, 
£4 14s.6d. 

mUTHS FOR THE DAY OF LIFE, AND THE HOUE OF 
DEATH. By the Author of " God is Love," " Our Heavenly Home," &c. 

r/n preparation. 

By MAETIN F. TUPPEE, D,C.L., P.E.S. 

CITHARA : a Selection from the Lyrical Writings of M. F. 

Tuppor, [InpnparatUm, 

BALLADS FOR THE TIMES. Fcap. cloth, 7fi. 6(1, 
KING ALFRED'S POEMS. Fcap. cloth, 3s. 
LYRICS. Fcap. cloth, 3s. 6d. 
THE CROCK OF GOLD, THE TWINS, AND HEART. 

Cheap Edition. Post Svo. cloth, 35. 6d. ; 2s. 6d. boards ; or separately, 

in limp cloth, price Is. 6d. each. 

' PROVERBIAL PHILOSOPHY. Translated into French. 

Portrait. Fcap. cloth, 2s. 6d. 

THREE HUNDRED SONNETS. Small 4to. cloth, gUt 

edges, 7s M. 

TWICE LOST. A Novel in One Volume. By the Author of 

" Story of a Family,'* ** Queen Isabel," Ac. Crown Svo. cloth, 78. 6d. 
TYTLER'S (Miss M. Frazeb) MY BOY'S FIRST BOOK. 

With Cuts. lemo. cloth, 2s. 6d. 
HYMNS AND SKETCHES IN VERSE. With 

Cuts. 16mo. cloth, 2s. 6d. 

TALES OF MANY LANDS. With Hlustrations. 



New Edition. [/« prepcaration. 

VAUX'S (W. S. W., M.A.) NINEVEH AND PERSEPOLIS; 

an Historical Sketch of Aucient Assyria and Persia, with a& Account of 
the recent Besearches in those Countries. Fourth Edition, with numerous 
Illustrations. Post Svo. cloth, 3s. 6d.; or gilt, as. 

VERNEYS (Thb); or, Chaos Dispelled. A Tale. Post Svo. 
elotli, 7s. 6d. 

TIETUE'S ILLUSTRATED WOEKS. 

AMERICAN SCENERY. Comprising 120 Plates, after 
Sketches by W. H. Bartlett. The accompanying Descriptions by 
N. P. Willis, Esq. Two Vols., cloth gilt, £1 16s. 

THE BOSPHORUS AND THE DANUBE. The Bos- 
PHOBUB by Miss Paroob. The Danube by W. Bbattib, M.D. Illus- 
trated by a Series of 170 Engravings. 4to. Two Vols., price £1 68. each, 
cloth gilt. 

CALEDONIA ILLTTSTRATED. A Series of ahout 150 
Engravings, from Drawings by W. H. Bartlett and T. Allom, Ac. 
The literary portion by Wiujam Bsattie, M.D. In Two Vols., cloth 
gilt, £2 10s. 

CANADIAN SCENERY. 2 Vols., cloth gilt, £1 Ifis. 

THE CHRISTIAN IN PALESTINE; or, Scenes of Sacred 
History. Comprising 80 Engravings on 6teel, from Drawings by W. H. 
Bartlett. With Descriptions by Hbnrt Scbbbin6» D.D., F.K.S. la 
1 Vol., cloth gilt, £1 68. 

IRELAND. By Mr. and Mrs. S. C. Haxl. mnstrated by 
102 Steel Engravings, after Drawings by T. Cakswigk, Bartlbtt, &c. 
600 exquisite Wood Engravings, and 18 Mapi of the CountLes. In Three 
Vols., super- royal 8va, £3 3s., cloth gilt. 

THE SCENERY AND ANTIQUITIES OF IRELAND. 
Illustrated in 120 Engravings, from Original Drawings by W. , H. Bart- 
lbtt. With Descriptive Text by J. Stibumq Coyne, N. P. Willis, Ac. 
In Two Vols., cloth gilt, £1 15s. 
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virtue's illustrated works. — continiied, 

PIEDMONT AND ITALY, from the Alps to the Tiber. 
Illustrated in a Series of Views, with a DeocriptiTe and Historloai Nar- 
rative by DuDLBT CosTBLLO. The artistic department offers the names 
* of HiRDDia, Pthb, Babslktt, BaocKBOov, Ao. In Two 4to. Vols., cloth 
srilt, £2 28. 
• : THE PORTS AND HARBOURS OF GREAT BRITAIN. 
A Series of 144 Views of all the points of interest round the entire Coast. 
Two neat VoIs.« cloth grllt, £2. 
SWITZERLAND ILLUSTRATED. The Text by Dr. 
Bbattib, the Drawings by W. H. Bartlbtt, and the Engravings by 
the first Artists. In Two Vols., cloth gilt, £2. 
WAKEFIELD'S (Priscilla) FAMILY TOUR THROUGH 
THE BfilTISH EMPIRE. New Edition, revised. WithMap. 12mo. cloth,6s. 
JUVENILE TRAVELLERS; a Tour through- 
out Europe. A New Edition. With a Map. 12mo. cloth, 6s. 
WALES (The History op), From the Earliest Times -to its 
Final Incorporation with England. By B. B. WoonwABD, B.A., F.S.A. 
Illustrated by Original Views of Remarkable Places, Antiquities, and 
Scenery. In Two Vols., super^royal 8vo., cloth gilt, £I 5s. 
WATTS' (Dr.) DIVINE AND MORAL SONGS FOR CHIL- 
DBBN. With Anecdotes and Reflections, by the Rev. Ingram CoBBiit, M. A. 
Frontispiece and 57 Woodcuts. New Edition, cloth. Is. ; gilt edges. Is. 6d. 
WEBB'S (Mrs. J. B.) NAOMI; or, the Last Days of Jerusalem. 
With view and Plan of Jerusalem. New Edition, revised and corrected 
by the Autiior. Illustrated by Gilbert. Fcap. cloth, 7s. 6d. 
WHEELER'S (J. T., r.R.ojB.) HISTORICAL GEOGRAPHY 

OF THE OLD AND NEW TESTAMENTS. Folio, cloth, 7s. 6d. 

ANALYSIS AND SUMMARY OF OLD TES- 
TAMENT HISTORY AND THE LAWS OF MOSES. Seventh Edition, 
post 8vo. cloth, red edges, 6s. 6d. 

ANALYSIS AND SUMMARY OF NEW TES- 



TAMENT HISTORY. Fifth Edition, revised. Post Svo. dotii, red edges, 
POPULAR ABRIDGMENT OF OLD AND 



NEW TESTAMENT HISTORY. Two Vols. 18mo. cloUi, 2s. each. 
WTLKIE GALLERY (The). A Selection of Engravings from 
the Paintings of the late Sir David Wilkie, R.A., with Notices Biographical 
and Critical. The Work comprises an ample Biography of the Pidnter, 
written expressly for the Wilkie Gallkrt. A Portrait of Wilkie and a 
view of his Birthplace form part of the Illustrations. One Vol. cloth gilt, 
£3 108. 

WILLEMENT (E. E.),— A CATECHISM OF FAMILIAR 

THINGS. New Edition, 12mo. cloth, 38. 6d. 

BIRDS AND ANIMALS. Cuts. 

12mo. cloth, 2s. 

WILLIE ERASER ; or, the Little Scotch Boy : and other Tales. 

By Mrs. R. Leb. Witii Four Illustrations. 18mo. clot h, Is. 

WRIGHT'S (Thomas, Esq., m.a., p.s.a.) THE CELT, THE 

ROMAN, AND THE SAXON. A History of tiie Early Inhabitants of 

Britain, down to the Conversion of the Anglo-Sazons to Christianity. 

Illustrated by the Ancient Remains brought to light by recent research. 

With numerous Engravings. Post 8vo. New Edition, with the latest dls- 

coveries. 10s. 6d. 
DOMESTIC MANNERS AND SENTIMENTS 

IN ENGLAND DURING THE MIDDLE AGES. With numerous 

Illustrations by F. W. Fixrholt, Esq. One Vol. fcap. 4to. price 31s., 

appropriately bound. 
YOUNG MAN'S COMPANION. Being a Guide to the Tarious 

Branches of Usefhl Knowledge. A New Edition, by J. Mavob, F.S.A. 

With 10 Engravings on Steel. In One VoL cloth, 16s. 
YOUNG WOMAN'S COMPANION. By Mas. Hemans. With 

10 Engravings on Steel. In One Vol. clotb, 15s. 



PRIZE MEDAL, INTEBNATIONAL EXHIBITION, 1862, was 

awarded to Messrs. VISTUE for the *' publication of 

Weale's Series." 

See JURORS* REPORTS, 

CLASS XXIX. 





CATALOGUE 

OF 

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, AND 
CLASSICAL WORKS, 

FOR COLLEGES, HIGH AND ORDINARY SCHOOLS, 
AND SELF-INSTRUCTION; 

ALSO FOK 

MECHANICS' INSTITUTIONS, FEJEE LIBRAEIES, &c. &o., 

PUBLISHED BY 

YIBTUE BROTHERS & CO., 1, AMEN CORNER, 
. PATERNOSTER ROW. 

••• THE ENTIRE SERIES IS FREELY ILLUSTRATED ON WOOD 
AND STONE WHERE REQUISITE. 

The Public are respectfully informed that the whole of the 
late Mb. Weale's Puhliccetiona, contained in thefoUowing Cata- 
logtte, have been purchased by Vibtue Bbothebs & Co., and 
that aU future Orders vnU he supplied hj them at 1, Amen 

COBNEB. 

*•* Additional Volumes, by Popular Authors, are in Preparation. 

RUDIMENTARY SERIES. 

2. NATURAL PHILOSOPHY, by Cliarles Tomlmson. Is. 

3. GEOLOGY, by Maior-Gen. Portlock, F.R.S., &c. Is, Qd. 
6. MECHANICS, by Charles Tomlinson. 1*. 

12. PNEUMATICS, by Charles Tomlinson. Is. 
20, 21. PERSPECTIVE, by George Pyne, 2 voU. in 1. 2^. 
27, 28. PAINTING, The Art of ; or, A GRAMMAR OF COLOUR- 
ING, by George Field, 2 vols, in 1. 2s, 

40. GLASS STAINING, by Dr. M. A. Gfessert, With an Appendix 

on the Art of EnameUing. Is, 

41. PAINTING ON GLASS, from the German of Emanuel O. 

Fromberg. 1*. 
50. LAW OF CONTRACTS FOR WORKS AND SERVICES, by 

David Gibbons, S.P. Is. 
69, 70. MUSIC, a Practical Treatise, by C. C. Spencer, Doctor of 

Music, 2 vols, in 1. 28. 
71. THE PIANOFORTE, Instructions for Playing, by C.C.Spencer, 

Doctor of Music. 1^. 
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72 to 75*. EECENT FOSSIL SHELLS (A Manual of tihe MoUusca), 
by Samuel P. WoodTnird, F.G.S., A.L.S., &c., of the British 
Mufieum, 4 yoIb. in 1, and Snpplemetit. 6s, 6d. 
In cloth boards, 6s. 6d. ; half morocco, Is. 6d. 

79**. PHOTOGRAPHY, a Popular Treatise on, from the French of 
D. Van Monckhoven, by W. H. Thomtiiwaite. Is, 6d, 

83**. CONSTRUCTION OF DOOR LOCKS, la. i5d. 

96. ASTRONOMY, POPULAR, by the R«v. R. Main, M.R.A.S. Is. 

107. METROPOLITAN BUILDINGS ACT, and THE METRO- 

POLITAN ACT FOR REGULATING THE SUPPLY 
OF GAS, with Notes, 2s. 6d. 

108. METROPOLITAN LOCAL MAJ^AGEMENT ACTS. Is. 6^. 
108*. METROPOLIS LOCAL MAJ^AGEMENT AMENDMENT 

ACT, 1862 ; with Notes and Indei, Is. 

109. NUISANCES REMOVAL AND DISEASE PREVENTION 

ACT, Is. 

110. RECENT LEGISLATIVE ACTS applying to Contractors, 

Merchants, and Tr^esmen, Is. 

112. DOMESTIC MEDICINE, for the Preservation of Health, by 

M. Raspail. Is. 6d. 

113. USE OF FIELD ARTILLERY ON SERVICE, by Lieut.- 

Col. Hamilton Maxwell, B.A., Is. Qd, 
113*. MEMOIR ON SWORDS, by the same, Is. 
140. OUTLINES OF MODERN FARMING, by R. Scott Bum. 

Vol. I. — Soils, Manures, and Crops. 2s. 
141. Vol. II. Farming 

Economy, Historical and Practical. 3s. 
144. COMPOSITION AND PUNCTUATION, by J. Brenan, Is. 



PHYSICAL SCIENCE. 



1. CHEMISTRY, by Prof. Fownes, F.R.S., including Agricultural 
Chemistry, for the use of Farmers. Is. 
4, 6. MINERALOGY, with a Treatise on Mineral Rocks or Aggre- 
gates, hy James Dana, A.M., 2 vols, in 1. 2s. 

7. ELECTRICITY, an Exposition of the General Principles of the 

Science, by Sir W. S. Harris, F.R.S. Is. 6<f. 
7*. GALVANISM, ANIMAL AlSjy VOLTAIC ELECTRICITY; 
A Treatise on the G«neral Principles of Gtelvanic Science, by 
Sir W. S. Harris, F.R.S. Is. 6d. 

8, 9, 10. MAGNETISM, Concise Exposition of the General Prm- 

ciples of Magnetical Science and the Purposes to which it has 
been Applied, by the same, 3 vols, in 1. 3s, ^. 
11, 11*. ELECTRIC TELEGRAPH, History of, by E. Highton, 

E 2s r w 

133. METALLURGY OF COPPER, by R. H. Lamborn. 2s. 

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H. 

Lamborn. 2s. 
136. ELECTRO-METALLURGY, by Alexander Watt, P.R.S.S.A. 
Is. 6rf. 
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138. HANDBOOK OF THE TELEGEAPH, by E. Bond. Is, 
143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 
and Modem Theory of Dew, by C. Tomlinson. U. 



BUILDING AND ARCHITECTURE. 

16. ORDERS OF ARCHITECTURE, and their -aEsthetio Prin- 

cip leB, by W. H. Leed s. Is, 

17. STYLES OF ARCHITECTURE, by T. Bury. Is. ed. 

18. 19. ARCHITECTURE, Principles of Design in, by E. L. Gar- 

bett, 2 vols, in 1. 28, 

22, BUILDING, the Art of , in Five Sections, by E. Dobson, C.E. U. 

23, 24. BRICK AND TILE MAKING, by E. Dobson, C.E., 2 vols. 

in 1. 28, 
25, 26. MASONRY AND STONE-CUTTING, with the Principles 
of Idiisonic Projection Concisely Explained, by E. Dobson, 
C.E., 2 vols, in 1. 28. 
^ 30. DRAININGj AND [SEWAGE OF TOWNS AND BUILD- 
INGS, Suggestive of Sanatory Regulations, by G. D. Dempsey, 
C JJ. U. txi. 
(With No. 29, Drainage of Land, 2 vols, in 1, 28, 6d,) 

35. BLASTING ROCKS, QUARRYING, AND THE QUALITIES 

OF STONE, by Lieut.-Gen. Sir J. Burgoyne, Bart., G.C3., 
RJl. U,6d, 

36, 37, 38, 39. DICTIONARY OF THE TECHNICAL TERMS 

used b^ Architects, Builders, Engineers, Surveyors, &c., 
4 vols. ml. 48, 

In cloth boanb, 58. ; half morocco, Of. 
42. COTTAGE BUILDING, or Hints for Improving the Dwellings 
of the Labouring Clasisee. Is. 

44. FOUNDATIONS AND CONCRETE WORKS, A Treatise on, 

by E. Dobson, CJE. 1*. 

45. LIMES, CEMENTS, MORTALS, CONCRETE, MASTICS, &c., 

by G. R. Burnell, C.E. 1*. 
57, 58. WARMING AND VENTILATION, by Cliarles Tomlinson, 

2 vols, in 1. 28, 
111. ARCHES, PIERS, AND BUTTRESSES, the Principles of 

their Construction, by W. Bland. 1». M. 
116. ACOUSTICS; Distribution of Sound, by T. Roger Smith, 

Architect. Is, Qd, 

123. CARPENTRY AND JOINERY, a Treatise founded on Dr. 

Robison's W ork. Is. Qd. 
123*. ILLUSTRATIVE PLATES to the preceding. 48. ed. 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Dr. Robison's Work. Is. M, 

124*. IRON ROOFS of Recent Construction—a Series of De- 
scriptive Plates. 48, 6d. ^ 

127. ABCHITECTURAL MODELLING, Practical Instructions in 
the Art. Is. 6d. 
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128, 129. VITKUVIUS ON CIVIL, MILITARY, AND NAVAl* 
AROHITECTURE, translated by Joseph Chrilt, Architect, 
with Hlxwtrative Plates, by the Author and Joseph Q;andy, 
2 vols, in 1. 5 g. 

130. ^GRECIAN AltCHlTEOTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

132. ERECTION OP DWELLTNO-HOUSES, witii Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s. 6<?. 



MACHINERY AND ENGINEERING. 

33. CRANES AND MACHINERY FOR LIFTrNG HBAYY 

WEIGHTS, the Art of Constructing, by Joseph Glynn. Is, 

34. STEAM ENGINE, by Dr. Lardner. Is, 

43. TUBULAB AJfD OTHER IRON GIRDER BRIDGES, includ- 
ing the Britannia and Conway Bridges, by G. D. Dempsey. Is. 

47, 48, 49. LIGHTHOUSES, their Construction and Illumination, 
by Allan Stevenson, C.E., 3 vols, in 1. 3«. 

59. STEAM BOILERS, their Construction and Management, by 
R. Armstrong, C.E. Is, 

62. RAILWAYS, Principles of Construction, by Sir B. Stephen- 
son. Is. Qd. 

62». RAILWAY WORKING IN GREAT BRITAIN AND IRE- 
LAND, Statistics, Revenue, Accounts, &o., by E. D. Chatta- 
way. Is. 

(Vols. 62 and 62* bound in 1, 2s. Qd.) 

67, 68. CLOCK AND WATCH MAKING, including Churoh 
docks and Bells, by Edmund Beckett Denison, MjL, with 
an Appendix, 2 vols, in 1. 3*. 6f^. 

78, 79. STEAM AND LOCOMOTION, on the Principle of connect- 
ing Scienc e with Practice, by John Sewell, L.E., ^ vols, in 1. 2b. 

78*. LOCOMOTIVE ENGINES, a Treatise on, ,by G. Drysdale 
Demspey, C.E. Is, 6<f. 

79*. ILLUSTRATIONS TO THE ABOVE. 4*. 6<f. 

98, 98*. MECHANISM AND THE CONSTRUCTION OF MA- 
CHINES, by Thomas Baker, C.B.; and TOOLS AND MA- 
CHINES, by J. Naamyth, C.E., with 220 Woodcut». 2s. 6rf. 

114. MACHINERY, its Construction and Working, by C. Dl Abel, 

C.E. 1«.6^. 

115. ILLUSTRATIVE PLATES TO THE ABOVE, 4to. 7*. M. 
139. THEORY OF THE STEAM ENGINE, by T. Baker, C.B. Is. 



CIVIL ENGINEERING^ &c. 

13, 14, 15, 15*. CIVIL ENGINEERING, by Henry Law, 3 vols.; 

with Supplement by G. R. Burnell, 4 vols, in 1. 45. Qd, 
29. DRAINING DISTRICTS AND LANDS, the Art of, hj G. D, 

Dempsey, C.E. Is. 
(With No. 30, Drainage and Sewage op Towns, 2 vols, in 1, 2*. Qd.) 
31. WELL-SINKING AND BORING, by John G. SwindeU, 

revised by G. R. Burnell, C.E. Is, 
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46. BOAD-MAKINQ-, the Construotion and Eepair, by S. 0. Hughes 

and H. Law, C.E., and Gen. Sir J. Burgoyne, Baayt, G.CJB., 

B.E. Is. 6d. 
60, 61. LAND AND ENGINEERINa SURVEYING, by T. Baker, 

C.E., 2 vols, in 1. 2s. 
63, 64, 65. AGRICULTITEAL BUHiblNGS, FIELD ENGINES, 

MACHINERY, and IMPLEMENTS, by G. H. Andrews, 

3 vols, in 1. Ss.^ 
66. CLAY LANDS AND LOAMY SOILS, by Professor Donald- 
son, A.E. Is. 
77* ECONOMY OF FUEL, by T. S. Prideanx. Is. 
80», 81*. EMBANKING LAJJfDS FROM THE SEA, witli 

Examples of actual Embankments and Sea Walls, by John 
. Wiggins, F.G.S., 2 vols, in 1. 2s. 
82, 82*. POWER OF WATER, as applied to the Drivmg of Mills, 

and Giving Motion to Turbines, and other ^drostatic 
. Machines, by Joseph Glynn, F.R.S., C.E. 2s. 
82**, 83* 83 bis. COAL GAS, its Manufacture and Distaribution, 

by Samuel Hughes, C.E. 3s. 
82***. WATBR-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by Samuel Hughes, C.E. 3s. 
117. SUBTERRANEOUS SURVEYING, & RANGING THE 

LINE without the Ma^et, by T. Fenwick, Coal. Viewer, with 

Improvements and. Adcutions by T. Baker, C.E. 2s. Qd. 
118, 119. CIVIL ENGINEERING IN NORTH AMERICA, by 

D. Stevenson, C.E., 2 vols, in 1. 3s. 

120. HYDRAULIC ENGINEERING, by G. B* Bnmell, CJI., 

2 vols, in 1. 3s. 

121, 122; RIVERS AND TORRENTS, from the Italian of Paul 

Prisi, and a GPreatise on NAVIGABLE CANALS, AND 
RIVERS THAT CARRY SAND AND MUD. 2s. 6d. 
125, 126. COMBUSTION OF COAL, AND THE PREVENTION 
OF SM0KE3, by Charles Wye Williams, M.LC.E. 3s. 



SHiP-BUILDING AND NAVIGATION. 

61, 52, 53. NAVAL ARCHITECTURE, Principles of the Science, 

by J. Peake, N.A., 3 vols, in 1. 3s. 
53*. SHIPS AND BOATS FOR OCEAN AND RIVER SERVICE, 

the Principles of Construction, by Captain H. A. Sommer- 

feldt. Is. 
53**. ATLAS OF 14 PLATES TO THE PRECEDING, Drawn 

to a Scale for Practice. 7s, 6d. 

54. MASTING, MAST-MAKING, and BIGGING OF SHIPS, 

by R. Kipp ing, N.A. Is. 6d, 
54* IRON SHIP-BUILDING, by John Grantham, C.B. 2s. 6d. 
64**. ATLAS OF 24 PLATES to the preceding Volume. 22s. 6d. 

55, 56. NAVIGATION; the Sailor's Sea Book: How to Keep the 

Log and Work it off, &c. ; Law of Storms, and Explanation of 
Terms. 2s. 
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80, 81. MABINB ENGINES AND THE SCREW, by R Murray, 

C.E., 2 Tols. in 1. 2». 6rf, 
83 Us, SHIPS AND BOATS, tlie Principles of ConBtniction, by 

W. Bland, of Hartlip. 1«. 
99, 100. NAVIGATION AND NAUTICAL ASTRONOMY, j^by 

Professor Young, 2 vols, in 1. 2$. 
100*. NAVIGATION TABLES, compiled for Practical Use with 

the preceding volume. U. 6c?. 
106. SHIPS' ANCHORS FOR ALL SERVICES, by G. CotseU, 

NJl. U6i. 



ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTRUMENTS, AND THEIR USE, 
by J. P. Heather, MA. 1^. 

61*. READY RECKONER for the Measurement of Land, its 
Valuation, and the Price of Labour, by A. Arman, School- 
master. 1^. ^d» 

76, 77. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows 
and Perspective, and a Description of the Principles and 
Practice of Isometrical Projection, by J. F. Heather, MjL., 
2 vols, in 1. 2a, 

83. BOOK-KEEPING, by James Haddon, M.A. 1*. 

84. ARITHMETIC, with numerous Examples, by Professor J. R. 

Young. Is, 6(^. 
84#. KEY TO THE PRECEDING VOLUME, by Professor J. R. 

Younff. \s. 6d, 

86. EQUATIONAL ARITHMETIC: Questions of Interest, An- 
nuities, &c., by W. Hipsley. l*.^ 
85*. EQUATIONAL ARITHMETIC: Tables for the Calculation 

of Simple Interest, with Logarithms for Compound Interest^ 

and Aimuities, by W. Hipsley. Is, 
86, 87. ALGEBRA, by J. Haddon, MA., 2 vols, in 1. 2s. 
86* 87*. ELEMENTS OF ALGEBRA, Key to the, by Professor 

Young. Is. Qd, 
88, 89. GEOMETRY, Prmciples of, by Henry Law, CJE., 2 vols. 

inl. 28. 
90. GEOMETRY, ANALYTICAL, by James Hann. 1*. 
91, 92. PLANE AND SPHERICAL TRIGONOMETRY, by 

Prof. James Hann, 2 vols, in 1 (TTie two divisions s^araie^. 

Is. each), 2s. 

93. MENSURATION, by T. Baker, C.E. Is. 

94, 96. LOGARITHMS, Tables of ; with Tables of Natural Sines, 

Co-sines, and Tangents, by H. Law, C.E., 2 vols, in 1. 28. 6d* 
97. STATICS AND DYNAMICS, by T. Baker, CJE. Is. 
101. DIFFERENTIAL CALCULUS, by Mr. Woolhouse,RRXS. 1*. 
101* WEIGHTS AND MEASURES OF ALL NATIONS; 

Weiffhts of Coins, and Divisions of Time ; with die Principles 

whidi determine the Rate of IhEchange, by Mr. Woolhouse, 

F.R.A.S. ls,6d, 
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102. INTEGRAL CALCULUS, by H. Cox, M.A. 1^. 

103. INTEGRAL CALCULUS, Examples of, by Prof. J.Hann. 1*. 

104. DIFFERENTIAL CALCULUS, Examples of, by J. Haddon, 

MJl, l8. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, First 

Mnemonical Lessons in, by the Rev. T. F.Kirkman, MA. Is, Qd, 
131. MILLER'S, FARMER'S, AND MERCHANT'S READY- 
RECKONER, showi^ the Value of any Quantity of Com, 
with the Approximate Value of Mill-stones and Mill Work. 1*. 

136. RUDIMENTARY ARITHMETIC, by James Haddon, M.A., 

with Additions by A. Arman. l^. 6a. 

137. KEY TO THE ABOVE, containing Answers to all the Ques- 

tions in that Work, by A. Arman. Is. Qd, 



SEW SEBIES OF EDUCATIONAL WOEES. 



[7%i8 Series is Jcepi in three stales of binding — the prices of each 
are given in columns at the end of the line8,'\ 



BISTOBIES^ GHAMMABS^ AITD I>ICTIONAIlIES. 



;3 



I, 2, 3, 4. CONSTITUTIONAL HISTORY OF 

England, by W. D. Hamilton . 

6, 6. OUTLINES OF THE HISTORY OF 

Greece, by E. Lerien, MA., 2 vols, in 1 . 

7, 8, OUTLINES OF THE HISTORY OF 

Rome, by the same, 2 vols, in 1 
9, 10. CHRONOLOGY OF CIVIL AND 
EcclesiastiGal History, Literature, Art, and 
Civilisation, from the earliest period to the 
present, 2 vols, in 1 

II. GRAMMAR OF THE ENGLISH LAN- 

GUAGE, by Hyde Clarke, D.C JD. 

11*. HAND-BOOK OF COMPARATIVE 
Philology, by the same .... 

12, 13. DICHONARY OF THE ENGLISH 

Language, as spoken and written; above 

, 100,000 words, or 60,000 more than in any 

existing work, by the same, 3 vols, in 1 . 

, wim the Grammar 

14. GRAMMAR OF THE GREEK LAN- 
GUAGE, by H. O. Hamilton 

16, 16. DICTIONARY OF THE GREEK AND 
English Languages, by H. R. Hamilton, 
2 vols, in 1 



s.d, 
40 
2 6 
26 

26 
1 
1 

36 
1 
20 



s.d. 
60 
36 
36 

36 



46 
6 6 



s.d, 
66 
40 
40 

4 G 



60 
60 
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17, 18. DICnONAIlY of the ENGLISH akd 
Greek Languages, by the same, 2 toIb. in 1 

GItEEK AND ENGLISH 

and English and Greek, 4 toIs. in 1 . 
-, with the Greek Gnmmutr 



19. GRAMMAR of THE LATIN LANGUAGE, 

by the Rev. T. Goodwin, A3. . 

20, 21. DICTIONARY OF THE LATIN AND 

English Languages, by the same. Vol. I. 
22, 23. DICTIONARY OF THE ENGLISH 

and Latin Languages, by the same. Yol. H. 

, 2 vols, in 1 . 

, with the Latin Grammar 

24. GRABOfAR OF THE FRENCH LAN- 

GUAGR, by G. L. Strauss, Ph. Dr. 

25. DICTIONARY OF THE FRENCH AND 

English Languages, by iu Elwes. Vol. I. 

26. DICTIONARY OF THE ENGLISH AND 

French Languages, by the same. Vol. II. 

, 2 vols, in 1 . 

— , with the French Granmmr . 

27. GRAMMAR OF THE ITALIAN LAN- 

GUAGE, by the same 

28. 29. DIOnONARY op the ITALIAN, ENG- 

LiSH,& French Languages,by the same. Vol. I. 

30, 31. DICTIONARY OF THE ENGLISH, 

Italian, and French Languages, by the 

same. Vol. II. 

32, 33. DICTIONARY OF THE FRENCH, 
Italian, and English Languages, by the 

same. Vol. Ill 

, 3 vols, in 1 . 

, with the Italian Grammar . 

34, GRAMMAR OF THE SPANISH LAN- 

GUAGE, by the same 

35, 36, 37, 38. DICTIONARY OF THE 

Spanish and English Languages, by the 

same, 4 vols, in 1 

, vrith the Spanish Grammar . 

39. GRAMMAR OF THE GERMAN LAN- 

GUAGE, by G. L. Strauss, Ph. Dr. 

40. CLASSICAL GERMAN READER, from 

the best authors, by the same 
41, 42, 43. DICTIONARIES op the ENGLISH, 

German, and French LanffQages, by N. E. 

Hamilton, 3 vols., separat^y Is. eadi 
— ' ^-, with the German Grammar . 
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20 
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80 
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86 
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HISTOBIES, GBAMMABS^ AND DICTI0NABXB8. 



8, d. 



44, 45. DIOnONAEY OF THE HEBREW 
and English Languages, containing tibe 
Biblical and Bablnnioil words, 2 -vols, 
(together with the Ghrammar, by Dr. Bres- 
slau, Hebrew Professor .... 

46. DICTIONAfiY OF THE ENGLISH AND 

Hebrew Languages. Vol. III. to complete, 

bj the same 

, 3 vols, as 2 . 

46*. GEAMMAB. OF THE HEBEEW LAN- 
GUAGE, by Dr. Bresslau .... 

47. FRENCH AND ENGLISH PHRASE 
. Book . . . . . 
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Now in the course of PubHcaHon. 

OBEEE AND LATIN CLASSICS. 

A Series of Yolnmes cototaining the principal Greek sad lAtin Authen, acoom- 
panied by Explanatorj Notes in English, pnncipally selected from the best and 
most recent German Commentaton, and comprising all those Woriu that axe 
essential for the Scholar and the Pupil, and applicable for the Uniyeisities of 
Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen, and Dublin ; the CoU^ges at 
Belfast, Cork, Galway, Winchester, and Eton; and the great Schoola at r 
Btigby, &c., also for Private Tuition and Instmction, and for the Libraiy. 



LATIN SERIES. 

; I. A New LATIN DELECTUS, Extzacts from daancal Auihon, 
with Vocabularies and Explanatoiy Notes. Is. 

2. CESAR'S COMMENTARIES ON THE GALLIC WAR; 

with Gbrammatical and Ezplanatoij Notes in English, and a 
Geographical Index. 2s. 

3. CORNELIUS NEPOS; with English Notes, &c. Is. 

4. VIRGIL. The Georgics, Bucolics, and doubtful Works ; with 

E nglish Notes. 1*. 

5. VIRGIL'S MNJESJ) (on the same plan as the preceding). 28. 

6. HORACE. Odes and Epodes; with Esj^ish Notes, and 

Analysis and Esplanation of the Metres. 1«. 

7. HORACE. Satires and Epistles; with English NoteB»&e. 19.6^ 

8. JSALLUST. Oonspkacy of Catiline, Jngurthine Wav. Is. ^. 

9. TERENCE. And&ia and Heautontimonunenoi. Is. 6(2. 
10. TERENCE. Phormio, Adelphi, and Hecyn. 28. 

14. CICERO. I)eAmicitia,deSenectate,attdBnitii& &. 

16. LIVT. Books i. to y. in two parts. 3& 

17. LIVY. Books xri. and xxii. Is. 

19. Selections from TIBU LLUS, OVID, and PR0PERTIU& 2b. 

20. Selections from SUETONIUS and the later Latin Writen. 2s. 
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GREEK AND LATIN CLASSICS. 



Preparing far Breas, 



11. CICERO. Orations against 
Catiline, for Sulla, for Archias, 
a^d for the Manilian Law. 

12. CICERO. First and Second 
Philippics ; Orations for Milo, 
for Maroellus, &c. 



13. CICER O. De Officiis. 

16. JUVENAL and* PERSHJS. 

(The indelicate passages ex" 

punged.) 
18- TACITUS. Agricola; Ger- 

mania ; and Annals, Book i. 



2. 

a 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
20. 
23, 
26. 
30. 
40. 
41. 



GREEK SERIES, 

ON A SIMILAR PLAN TO THE LATIN SERIES. 

INTRODUCTORY GREEK READER. On the same plan 

as the Latin Reader. Xs. ^ 
XENOPHON. Anabasis, i. ii. iii. U. 
XENOPHON. Anabaais, iv. v. vi. vii. Is. 
LUCIAN. Select Dialogues, la. 
HOMER. Hiad, i. to VI. Is.^. 
HOMER. IUad,vii.toxii. 1*. 6^. 
HOMER. Hiad, xiii. to xviii. 1«. 6c?, 
HOMER. Hiad, xix. to xxiv. Is.M. 
HOMER. Odyssey, i. to vi. Is.M. 
HOMER. Odyssey, vii. to xii. 1«. 6i. 
HOMER. Odyssey, xiii. to xviii. 1*. 6<f. 
HOMER. Odyssey, xix. to xxiv. ; and Hymns. 2^. 
Apology, Crito, and Phsedo. is. ^ 



PLATO. 

HERODOTtrS, Tii. 1«. ^. 

HERODOTUS, iii. iv. 1*. 6<?. 

HERODOTUS, v. vi. and part of vii. la. M. 

HERODOTUS. Remainder of vii. viii. and ix. la. 6<^. 

SOPHOCLES; (Edipus Rex. Is. 

SOPHOCLES; Antigone. 2s. 

24. EURIPIDES ; Hecuba and Medea. Is. 6^. 

EUR IPID ES; Alcestis. 1*. 

^SCHYLUS; Prometheus Vinctus. Is. 

ARISTOPHANES; Axjharnians. Is.M. 

THUCYDIDES, i. Is. 

Preparing for Press. 



19. SOPHOCLES; CEdipusCo- 
lonseos. 

21. SOPHOCLES; Ajax. 

22. SOPHOCLES; PMloctdtes. 

26. EURIPIDES; Hippolytus. 

27. EURIPIDES ; Orestes. 

28. EURIPIDES. Extracts 
from the remaining plays. 

29. SOPHOCLES. Extracts 
from t he rem aining plays. 

31. jESCHYLUS; Persae. 
SQ. iBSCHYLUS ; Septem 
contra Thebes. 



33. AESCHYLUS; Choephorae. 

34. ^SC HYL US; Bmnenides. 

35. ^SOHYLUS; Agamemnon. 

36. jESCHYLUS; SuppUces. 

37. PLUTARCH; Select Lives. 

38. ARISTOPHAJSTES; Clouds. 

39. ARISTOPHANES; Frogs. 

42. THUCYDIDES, ii. 

43. THEOCRITUS; Select 
Idyk. 

44. PINDAR. 

45. ISOCRATES. 

46. HESIOD. 
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the Library on or before the last date 
stamped below. 
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